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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1982 BUDGET ESTIMATES

GENERAL STATEMENT

The National Aeronautics and Space Administration, established October 1, 1958, conducts space and aeronautics
activities for peaceful purposes for the benefit of all. NASA's activities are designed to maintain United States
leadership in aeronautical and space research and technology and its utilization. More specifically, the objectives of
NASA activities are to:

== Extend our knowledge of the Earth, its environment, the solar system, and the universe;
== Expand the practical applications of space technology;
== Dwelop, operate, and improve manned and unmanned space vehicles;

== Improve the civil and military usefulness of aeronautical vehicles, while minimizing their environmental
effects and energy consumption;

== Disseminate pertinent findings to potential users; and
== Promote international cooperation in peaceful activities in space.

The NASA FY 1982 budget recommendation of $6,725.7 million provides for progress toward achievement of these
objectives at a pace consistent with a constrained fiscal environment.

Space program elements in the recommended budget provide for progress in development of the operational capability and
use of the Space Shuttle and related systems; in practical application of space capabilities in remote sensing of land,
ocean, and atmospheric conditions, in materials processing, and in communications; in exploration of the solar system
and expansion of our knowledge of the universe; and in advancing the technology necessary for United States leadership
in space. Major areas of emphasis include:

® Development, qualification, and flight testing of the Space Shuttle and manufacture of orbiter vehicles on a

schedule consistent with the requirements of the Department of Defense and civil users. The Space Shuttle is
progressing toward the initial orbital flight test scheduled for March 1981. Additional orbital flight tests are
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scheduled during FY 1981 and 1982 leading to an operational capability in late 1982. The Space Shuttle, the first
reusable Earth-to-orbit transport vehicle, will be the key element in the space transportation system which will also
include upper stages to provide high altitude orbit and planetary capability, and the Spacelab being developed by the
European Space Agency to provide a new capability for conducting experiments in space. This space transportation
system will provide the basic capability for a new era of operations in and utilization of space.

® Space science flight missions and research and analysis to expand human knowledge of the Earth's environment, the
solar system and the universe. Specifically, work will continue on the Galileo orbiter and probe mission to Jupiter
as the next step after Voyager in exploration of the outer planets; on the International Solar Polar Mission to obtain
new knowledge of the Sun; on the Space Telescope to provide a quantum jump in our ability to observe the universe; and
on the Gamma Ray Observatory to study extremely high energy phenomena. The Venus Orbiting Imaging Radar will continue
exploration of the inner planets and is included as a new initiative in Fy 1982.

O Space applications flight missions and ground-based activities to mke practical use of space capabilities in
meeting needs on Earth. For example, in FY 1982 work will continue in preparation for launch of the Landsat-D
spacecraft to extend and improve Earth resources observations from space; on the Earth Radiation Budget Experiments
spacecraft to measure the exchange of energy between the Earth and space; on the search and rescue locator system to
be flown on weather satellites; and on the National Oceanic Satellite System to provide global sensing of ocean
conditions. Preparation for materials processing experiments taking advantage of the space environment research in
advanced satellite communications, and activities to transfer technology to nonaerospace sectors of the economy are
also part of the applications program.

O Space research and technology activities emphasizing the longer range aspects of technology which are crucial to
future United States leadership in space.

Aeronautical research and technology activities in the recommended budget are necessary to advance the aeronautical
technology base €or safer, more economical, efficient and environmentally acceptable air transportation systems which
are responsive to current and projected national needs; to maintain the strong competitive position of the United States
in the international aviation marketplace; and to support the military in maintaining the superiority of the Nation’s
military aircraft. The FY 1982 program continues emphasis on the fundamental research and technology base in all
disciplines vital to aeronautics; on specific technology efforts directed toward major improvements in transport
aircraft energy efficiency and on systems technology to provide a basis for improved performnce and safety for future
vehicles in each major aircraft category. The N 1982 budget provides for initiation of dweloment of the Numerical
Aerodynamics Simulator, a major new and unique capability in the field of computational fluid dynamics. This new
national resource will have a major impact on aircraft design methods as well as on large-scale computer design
technology in this country.
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Resources Summary

The budget authority recommended for FY 1982 totals $6,725.7 million with estimated outlays of $6,363.4 million and a
civil service staffing level of 22,713.
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NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION

BUDGET SUMMARY
(Thousands of Dollars)

Budget Plan
ESEARCH AND DEVELOPMENT FY 1980 FY 1981 Fy 1982
Space Transportation SyStEMS.. ssssssssssssssssssnsnsnnnnnnnnnnnnnns 2,385,000 2,681,100 3,304,200
SPace Shuttlesss s vevooossvesonsstrossonostosvensosonorssensssnns 1,871,000 1,943,000 2,230,000
Space flight qumaios 446,600 683,700 1,043,000
Expendable launch vehicles..............oooiii i, 67,400 54,400 31,200
Space SH® 600,500 562,488 756,700
Physics and atiowy. 336,800 344,700 451,400
Planetary elaaimn 219,900 175,600 256,100
Life shes 43,800 42,188 49,200
Space and Terrestrial Applications............cocoovviiiiinnnn. 343,600 365,350 487,500
Space applications.........ocooviiiiiiiii 331.620 353,550 472,900
Technology uilizin 11,980 11,800 14,600
Aeronautics and Space Technology... ssssssssssssssssssssssassnnnnnns 426,886 390,750 469,000
Aeronautical research and technology. ssssssssssssssssssssssnnnnns 308,300 276,150 323,600
Space research and technology..........cooovviiiiiiininnns - 115,586 110,700 141,000
Energy technolOQY sssssssssssssssnnnnannnnnnunnnnnnnnnnnnnnnnnnnnsn 3,000 3,900 4,400
Tracking and Data Amubtin 332.100 341.100 435,200
TOTAL RESEARCH AND DEVELOPMENT.......ccccccveviieviiecieen 4,088,086 4,340,788 5,452,600
CONSTRUCTION OF FACILITIES. ...coeoveeiieeieesie e siee e 159,100 115,000 136,800
RESEARCH AND PROGRAM MANAGEMENT........cccoovvrrmrrreirernnnnnns 995.968 1,081.4003/ 1.136.300
T O T AL i 5,243,154 5,537,188 6,725,700
OUTLAYS llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll é gﬁgee; ; géé (HN) é ééé é“

a/ Includes proposed supplemental of $51,400,000 for October 1980 pay raise.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE TRANSPORTATION SYSTEMS

® Dwelop a versatile space transportation system to prwide for:
Expanded capabilities employing the reusable Space Shuttle system
== Manned orbital experiments using Shuttle and Spacelab
Deep space and geosynchronous mission capability with upper stages
Orbital placement, servicing, and retrieval of automated satellites
== Economy in transportation, space operations, and payload costs
o Continue production to provide a national fleet of Space Shuttle orbiters
® Conduct Shuttle orbital flight tests during FY 1981 and 1982
® Establish capability for space transportation system operations to begin in 1982

@ Develop the Solar Electric Propulsion System as an advanced upper stage

® Provide expendable launch vehicle services as required by NASA and other users during transition to the space
transportation system

MAJOR FLIGHT ACTIVITY

Calendar Years
1980 1981 1982 1983 1984 1985 1986

S Shuttl
p[a)z(\alelopl;nenf flightS suusssnssnnnsnnnnsnnnnnnnnnnnnnnns A A A A

Operational f|ight5 EE NN NN NN NN NN NN SN NN NN NN EEEEEEEEEEEEEEN ....A
Spacelab AN N NN NI NN N NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEN .A.Q.O.....A

UPPEl SEaZES e s etanorrossssssssnosoeresssssosssonsrensansavesssss

AS 5




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE SCIENCE

Increase our understanding of the evolution and nature of the Earth and its environment, the solar system, and the
universe through a balanced program of space exploration missions and ground-based investigations

Exploit the knowledge gained from current and completed program efforts by thorough analysis and interpretation of

the scientific data obtained

Utilize the space environment for research in the biomedical, biological, and bioinstrumentation fields

MAJOR FLIGHT ACTIVITY

Calendar Years

1980 1981 1982 1983 1984 1985

1986

physics and Astronomy:

Solar maximum mission...........cocovvvvevnennss A

Space H=me .

International solar polar nism
Ga mma ray Observatory----...-...-.-.....-...-.....-..o-......... e0sevs s 000000000000 es G0

)8 866 000000000000 LeP000000000000000° 080 4

Shuttle/Spacelab SCIeNCe PAYIOAUS.. oiivevvievnsennnesosenenpese *
Explorer 1aunches sussssssssssssssnsnnsssssnnnnnnnns AAAAA

Planetary Exploration:

Life Sciences:

Voyager-Saturn encounters.......,...............@....@

C‘lileo.. EE N EEEEE NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEE ‘A

VenUS Orbiting |maging radar-o.-.....................................o......'...........-... IIIIA

Dedicated life sciences spacelabsA
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE AND TERRESTRIAL APPLICATIONS

® Develop and demonstrate practical uses of space and space-derived technology

== Remote sensing of Earth resources

== Emvironmental observations from space
== Materials processing in space

Space communi—tions

® Accelerate the transfer of NASA-developed research and technology advances to public and private sectors

MAJOR FLIGHT ACTIVITY

Calendar Years
1980 1981 1982 1983 1984 1985 1986

Landsat—D.........................................................A

Search and rescue satellite and operational evaluation phase...,.,A‘ -

Earth radiation budget experiment........ciuiuivvsens et o o

Ha logen occultation experiment (HALOE) suusssssssssssssssasssasssansnannnnnnnnnnns A

National oceanic satellite Sy StemM . .. .. i e e e .A
Shuttle/Spacelab applications payloads.. ssssssssssssssssssssssssss A
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

AERONAUTICAL RESEARCH AND TECHNOLOGY

Prwide a technology base for current and future civil and military aircraft to:

-~ Reduce energy requirements

== Imprwe performance

== Increase safety

Decrease environmental effects
== Reduce costs

Achieve these objectives, by means of ground and flight-based research and technology activities, through advances in
the technology areas of:

== Materials and structures
== Propulsion

== Avionics and flight control
== Aerodynamics

== Operations

Humn=-vehicle interactions

Major technology efforts:

Technology for energy efficiency in transport aircraft
== Numerical aerodynamic simulator
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE RESEARCH AND TECHNOLOGY

® Provide a technology base essential to future United States leadership in space by:

Imprwing performance and effectiveness
== Reducing cost and risk

== Increasing reliability

== Developing technological options

® Achieve these objectives, by means of ground and space-based research and technology activities, through advances in
the technology areas of:

Aerothermodynamics

== Mterials and structures

== Electronics and automation

== Chemical and electric propulsion

== Space power systems

== Component standardization

== Spacecraft, transportation, and informtion systems

MAJOR FLIGHT ACTIVITY

Calendar Years
1980 1981 1982 1983 1984 1985 1986

Space technology Shuttle/Spacelab payloads.. .....................................A
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

ENERGY TECHNOLOGY

Energy technology activities to facilitate use of NASA-~developed aerospace technologies, experience and facilities to
meet the program needs of the Department of Energy and other agencies responsible for energy programs

TRACKING AND DATA ACQUISITION

Worldwide networks of ground stations interconnected with highly reliable communications to provide support to:

== Shuttle orbital flight tests

Automated Earth orbiting missions — an average of forty applications and scientific spacecraft will be supported
including the Nimbus, Landsat-D, International Ultraviolet Explorer, International Sun Earth Explorer, High
Energy Astronomy Observations, Application Technology Satellites, International Solar Maximum Mission, Infrared
Astronomical Satellie, Dynamics Explorer, and Solar Mesospheric Explorer

Planetary missions = support will continune for Pioneers 10 and 1land Voyagers land 2 as well as limited
support €or Viking, Helios , and earlier Pioneer missions

== Sounding rockets

Aeronautical flight research program
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1982 ESTIMATES
SUMMARY CF APPROPRIAT IONS

(Thousands of Dollars)

Appropriations FY 1980 FY 1981 FY 1982
Research and Development 4,088,086 4,340,788 5,452,600
BaSiC appropriation. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEENENEEEEEEEENETSR 37807’500 473961200 514521600
Supplemental for Space Shuttle. sasssssssssssssssssnsnsssssnnsnnnnns 285,000 - ---
Recissions (PL 96-304 and PL 96-526) sussssssssssnnnnnnnnnnnnnnnnnnn -1,414 -55,412 -
Transferred to Construction of Facilities.................... eeenn -3,000 - ~——
Construction of Facilities 159,100 115,000 136,800
Basic appropriation...........ociiiiiiiiiii 156,100 115,000 136,800
Transferred from Research and Development. sssssssssssssssssssssasss 3,000 “-- ---
Research and Program Management 995,968 1,081,400 1,136,300
BaSiC appropriation. EEEEEEEEEE NN EEN NN NN NN NN NN NN NN NN EEEEEEEEEEEENENGESR 9591900 110301000 111361300
Unobligated balance Iapsing. EEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEENEENESR _218 - - —a—
Supplemental appropriation for civilian pay raises, PL 96-304.. suus 36,286 == -
Proposed supplemental for civilian pay raises...................... - 51,400
Total. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEENGETSR 51243,154 5,537 188 6,725 700
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Fiscal Year 1980

Appropriation,
PL 96«304. i tvuironnsnrsnaninns

Rescission,

Supplemental Appropriation,
Transfer between accounts

PL 96-103..

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1982 ESTIMATES

SUMVARY RECONCILIATION CF APPROPRIATIONS TO BUDGET PLANS

PL 96-304.. suus

Unobligated balance lapsing.. .uesessssssssns

Total Budget Plan..

Fiscal Year 1981

Appropriation,

Rescission,

PL 96"526.. I EEEEEEEEEEEEERD
PL 96-5265000000000'0.00"0'000

Proposed supplemental for civilian pay

FAISES. it

Total Budget Plan..

Fiscal Year 1982

Appropriation request/budget plan.. sssssnus

(Thousands of Dollars)

Total
4,923,500

-1,414
321,286

-218

5,243,154

5,541,200
-55,412

51,400

5,537,188

6,725,700

Research and
Development

Construction
of Facilities

3,807,500
-1,414
285,000
=3,000

4,088,086

—

4,396,200
-55,412

4,340,788

— e

5,452,600

156,100

+3,000

159,100

—_—

115,000

—_—

136,800

Research and
Program

Management
959,900

36,286

-218

995,968

—_—

1,030,000

51,400

1,081,400

—_l = =

1,136,300

——e
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1982 ESTIMATES

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION
(Millions of Dollars)

Construction
of Research and
Total Research and Development Facilities Program Management
1980 1981 1982 1980 1981 1982 1980 1981 1982 1980 1981 1982
Johnson Space Center cuvessessss 1,557.8 1,679.7 1,775.2 1,388.0 1,500.9 1,590.0 5.1 4.5 4.8 164.7 174.3 180.4
Kennedy Space Center.... ....... 461.7 506.2 559.5 300.6 349.3 376.2 27.9 4.8 20.3 133.2 152.1 163.0
Marshall Space Flight Center...| 1,039.3 1,193.1 1,455.8 863.8 1,009.2 1,273.3 | *19.6 *18.8 *11.3 155.9 165.1 171.2
National Space Technology
Laboratories.. teasvssnnnnsnns 16.7 16.7 16.3 9.4 8.3 8.3 2.4 2.8 2.4 4.9 5.6 5.6
Goddard Space Flight Center.... 688.1 729.1 935.5 551.1 581.2 778.2 3.5 4.2 5.7 133.5 143.7 151.6
Jet Propulsion Laboratory ...... 319.0 282.9 416.9 315.4 276.0 403.3 36 6.9 13.6 -—-- - ---
Wallops Flight Center.......... 39.0 42.3 50.5 17.5 18.5 27.9 3.8 34 2.2 17.7 20.4 20.4
Ames Research Cater........... 257.4 226.8 274.5 147.9 137.9 174.5 42.1 15.1 22.1 67.4 73.8 17.9
Dryden Flight Research Center-.. 38.5 41.9 48.6 16.9 18.3 23.3 1.2 1.0 15 20.4 2.6 23.8
Langley Research Center........ 308.8 292.9 311.7 170.9 145.2 167.3 23.9 24.7 16.8 114.0 123.0 127.6
Lewis Research Center...veeusas 274.1 266.9 269.9 170.7 151.8 146.3 8.6 13.7 15.6 94.8 101.4 108.0
Headquarters..........coeevuuunn 225.4 243.6 590.8 135.9 144.2 484.0 -——-- -—- - 89.5 9.4 106.8
Undistributed Construction of
Facilities:
Various Locations............ .9 2.9 8.0 .9 2.9 8.0
Space Shuttle Facilities..... 2.5 2.0 1.1 2.5 20 1.1
Rehabilitation and
Modification. cveuvanennnans ——— - .2 --- - .2
Minor Construction...... ..... - .2 .2 --- .2 .2
Facility Planning and Design. 14.0 10.0 11.0 14.0 10.0 11.0
medotal Budget Plan. .1 5,243.2 5,537,2 6,725.7 | 4,088,1 4,340.8 5,452.6 |159,1 115.Q0 _136.8 | 996.0 1,081.4 1,136,3

*Includes Michoud Assembly FaCility. ...vcvurncnnsnsnesnsnnsnsnssnsassnsnsnnsnsnnnnsnsnnnnss 11.8 12.2 5.6
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND FROGRAM MANAGEMENT
FISCAL YEAR 1982 ESTIMATES

TOTAL NUMBER OF PERMANENT POSITIONS

END CF YEAR

Installation FY 1980 Fr 1981 FY 1982

Johnson Space Center sssssssssssssnsssnsssnsannsasnnannssnnssnnasnnannnunnnunnnnnnnnns 31469 3.489 31489
Kennedy Space CenNter aussssssssssssssssssssnssnnsannnsnsannnsnnannnannnannnnnnnnnnnnns 2.191 2.201 2.201
Marshall Space Flight Center ssssssssssssssssssssnssnsnnsnnnannnnnannnnnnnnnnnnnnnnnns 34561 31561 3.561
National Space Technology LaboratOrieS ssssssssssssssssnsnsnsnsnsnssnannnsnnnnnnnnnnnsn 103 103 103
Goddard Space Flight Center susssssssssssssnssnsnnsnnnannnnnnannsnnnnnannnannnnnnnnnnns 31444 3444 3. 444
Wallops Flight Centerssssssssssssssssssssssnsnnnsnnnsnnnsnnnsnnnnnnnnnnnnnnnnnnnnnnns 395 395 395
ATE Research Center susssssssssssssssssssssssssssssssssssssssssssssasssassnanannnnnns 1 658 11658 1 658

Dryden Flight Research Centerllllllllllllllllllllllllllllllllllllllllllllllllllllllll 461 461 461

Langley Research Center sssssssssssssssssssssssnsssnanannsnnnsnsnanannnnnnnnnnnnnnnnns 2.980 2.980 21980
Lewis Research Center susssssssssssssssnsssanannnnannnnnnnnnannnnnnnnnnnnnnnnnnnnnnnns 2.835 2.835 2.835
HeadquartersS ssssssssasssssssssssaassansaanssnsnsnssnanssaansansnasnnsnnnannsnannnnnnns 1,516 1.586 1.586

Total. Permanent POSitiONS susssssnsnsnsssssnnnnnnsnsnnnannannnnnnnnnnnnnnnnnnnnnnns 22.613 22.713 22. 713
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1982 ESTIMATES

GENERAL STATEMENT

The objectives of the National Aeronautics and Space Administration program of research and development are to extend
our knowledge of the Earth, its space environment, and the universe; to expand the practical applications of space
technology; to develop, operate, and improve manned and unmanned space vehicles; to provide technology for improving the
performance of aeronautical vehicles while minimizing their environmental effects and energy consumption; and to assure
continued development of the aeronautics and space technology necessary to accomplish national goals. These objectives
are achieved through the following elements:

SPACE TRANSPORTATION SYSTEMS: A program to provide the transportation and related capabilities required to conduct
space operations. The major development objective is the reusable Space Shuttle and other elements of a versatile,
economical space transportation system to provide round trip access to space and operational capabilities to meet civil
and defense needs in the use of space.

SPACE SCIENCE: A program using space systems, supported by ground-based and airborne observations, to conduct a broad
spectrum of scientific investigations. The objective is to advance our knowledge of the Earth and its space
environment, the Sun, the planets, interplanetary and interstellar space, the other stars of our galaxy and the
universe.

SPACE AND TERRESTRIAL APPLICATIONS: A program to identify, develop, and demonstrate the useful applications of space
techniques in the areas of advanced communications satellite systems technology; materials processing research and
experimentation; and remote sensing to acquire information which will assist in solution of Earth resources and
environmental problems. To accomplish these objectives, the program employs spacecraft, airborne systems, and ground-
based research and data analysis activities. The program includes activities to accelerate the dissemination to both
the public and the private sectors of advances achieved in NASAs research, technology and development programs.

AERORAUTICS AND SPACE TECHNOLOGY: A program to conduct the fundamental research and to develop the technology required
to maintain the United States leadership in aeronautics and space. The program also provides for identification and
evaluation of elements of NASAs aeronautics and space technology which can benefit national energy programs.

TRACKING AND DATA ACQUISITION: A program utilizing a worldwide antenna network to support deep space, Earth orbital,
suborbital and aeronautical activities.
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SPACE TRANSPORTATION SYSTEMS

Space transportation system activities prwide all of the transportation and associated support capabilities required
to conduct space operations. These activities currently focus on the development and flight testing of the Space
Shuttle. The Space Shuttle, the first reusable Earth—to-orbit transport vehicle, will be the key element in the space
transportation system which will also include upper stages to prwide high altitude orbit and planetary capabilities,
and the Spacelab being developed by the European Space Agency to prwide a new capability for conducting experiments in
space. The space transportation system will prwide the basic capability for a new era of operations in and utilization
of space.

The Space Shuttle's versatility and reusability are key elements in opening a new era of expanded use of space for a
wide variety of Earth applications, scientific, defense, and technological activities. The Shuttle will consist of a
reusable delta—wing orbiter vehicle with three main engines, an expendable propellant tank, and reusable twin solid
rocket boosters. The Shuttle will provide unique capabilities for placement and retrieval of satellites, in—orbit
servicing of satellites, and delivery to Earth orbit of payloads and propulsive stages for high altitude and planetary
missions. The advent of readily available, economical transportation to and from low Earth orbit for automated
payloads, as well as for scientists and other personnel, will revolutionize our concepts of using space and will expand
the returns from space operations. The Shuttle's unique capabilities will not only lower the cost of space operations
but will also lead to savings in the costs of payloads. These anticipated savings will result from repair and reuse of
payloads and relaxation of weight and size constraints. The advantages offered by the space transportation system wer
existing expendable launch systems will enhance both the flexibility and the productivity of space missions.

The Shuttle development program is in the final stages of certification testing for all elements with the first manned
orbital flight test planned for March 1981. The tile installation on Orbiter 102, Columbia, was essentially completed
in November and the orbiter was mwed from the orbiter processing facility to the vehicle assembly building. The solid
rocket boosters and external tank were mated on a mobile launch platform in the vehicle assembly building and were ready
to receive the orbiter. The assembly and testing work in the vehicle assembly building wes completed during December
and the entire assembly was mwed to the launch pad on December 29, 1980.

Progress in main engine testing supports the planned flight test. Approximately 100,000 seconds of ground testing
have been accomplished. The significant technical problems encountered during 1980 have been corrected and the four
preliminary flight certification test cycles have been completed. Additional component testing and one additional main
propulsion system test are planned before the first orbital flight. AIl flight engines have been retested as a
precaution since a number of changes have been incorporated.

The past year has been marked both by siginificant progress in remedying technical concerns and a comprehensive review
of the program's certification status by an independent rwiew team under the NASA Chief Engineer. The review team
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pointed out certain deficiencies in testing and documentation which have been corrected. After examining the status of
all program elements in July 1980, a launch readiness date of March 1981 was established for the first manned orbital
flight. Progress during the second half of 1980 indicated a reasonable chance of meeting this schedule. An eighteen
month orbital flight test program is planned leading to an initial operational capability in late 1982.

In the Shuttle production program Orbiter 099, used in the development phase as the structural test article, is being
modified to an operational vehicle with delivery planned for mid-1982. Orbiter 103 and Orbiter 104 are being
manufactured as new vehicles with delivery scheduled for the late 1983 and 1984 timeframe respectively. In Fy 1982
efforts will begin on procurement of long lead material for a fifth orbiter. Fabrication of main engines is well
underway; development and certification testing of the full power level (109% of rated power level) configured engine is
planned for completion in early FY 1983.

For FY 1981, funding will be tightly constrained because requirements for design, development, test, and evaluation
have increased significantly as a result of technical problems and schedule changes since development of the Fr 1981
budget. The schedule changes will make it possible to reprogram $70 million from Space Flight Operations to meet Space

Shuttle requirements. Within the Space Shuttle program, it has been necessary to reallocate available funding among the
various program elements.

For FY 1982, the budget for design, development, test and evaluation covers the estimated cost for completing the
development and flight test program. The FY 1982 budget for production provides for progress on the second, third, and
fourth orbiters based on the above delivery schedules and for production of main engines, for spares and equipment, and
for second line ground support equipment at the Kennedy Space Center. The budget recommendation also provides a total
of $300 million for changes and systems upgrading to meet additional requirements and improvements needed as a result of
actual flight experience.

The projected demand for Space Shuttle flight missions by the Department of Defense and civil sector users indicates
that it would be prudent to undertake production of a fifth orbiter on a schedule that provides for a logical flow of
work following the presently authorized production. The FY 1982 budget includes funding for leadtime materials and
fabrication effort to preserve the option of production of a fifth orbiter to be delivered about a year and a half after
the fourth orbiter.

Progress on the Space Shuttle will be matched in other activitiesvital to the establishment of the space
transportation system operational capability and to preparations for early operational missions. The Spacelab, a
multipurpose laboratory carried in the large cargo bay of the Space Shuttle, will allow scientists, researchers, and
technicians to conduct their experiments in the unique environment of space. The Spacelab is being designed and built
by the European Space Agency, with ten European nations participating in this development. Upper stages are required
for use with the Shuttle for planetary missions and for Earth orbital missions such as geosynchronous missions,
requiring altitudes beyond the basic Shuttle capabity. A solid propellant upper stage for large Earth orbital payloads
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is under development by the Department of Defense. For planetary missions, the option for use of a modified version of
this stage or a modified Centaur upper stage is under review. Spinning solid upper stages are being developed and
produced commercially to be used for smaller Earth orbital payloads. Development of an advanced upper stage, the Solar
Electric Propulsion System, will be initiated in N 1981 and will continue in FY 1982. This stage will be driven by
solar electric power and ionized mercury rather than conventional propellants and will meet requirements of missions
needing high total impulse and long duration thrust. Other development and acquisition activities related to the Space
Transportation System include ground support and control equipment, multiuse mission support equipment, and training
equipment.

Space transportation system operational missions are scheduled to begin in late 1982. The FY 1982 budget provides for
these missions through continued procurement, assembly, and checkout of the solid rocket booster, external tank and
upper stages; and through flight planning, avionics software, mission integration activities, flight control systems,
crew procedures, crew training, crew equipment, and other mission oriented activities.

Space transportation system activities during FY 1982 will also prwide expendable launch vehicles and services, as
well as engineering support, to meet the heavy demand for space transportation during the period of transition to the
space transportation system.

SPACE SCIENCE

The space science program uses space systems supported by airborne and ground-based observations to study the Earth
and its space environment, the Sun, the planets, and interplanetary and interstellar space, and the other stars of our
galaxy and universe. Results from these investigations significantly contribute to our understanding of the universe,
including the key questions of life, matter, and energy and the complex pheonomena that have such a profound effect on
life and environment on Earth.

The Sun exerts a primary influence on the Earth and its immediate environment. A series of orbiting solar observatory
missions have been conducted to study solar pheonomena. The discoveries from these missions, from the experiments flown
during the Skylab program, and from the Solar Maximum Mission launched in 1980 to study the sun during the period of
peak solar flare activity, are revolutionizing our understanding of the Sun. The International Solar Polar Mission, a
joint NASA and European Space Agency mission, will prwide information on the polar regions of the Sun--regions which
cannot be observed from the Earth or from current spacecraft. To achieve the trajectories required to study these polar
regions, two spacecraft will be launched by the Shuttle/upper stage, will swing past Jupiter, and use the gravity of
that giant planet to send one spacecraft wer the north pole of the Sun, and the other spacecraft Over the south pole.
The measurements to be made are expected to yield previously unknown information about the Sun and its dynamics and to
advance our understanding of the link between solar activity and weather and climate trends on Earth.
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Development of the Space Telescope will continue. This multiple purpose telescope will be launched by the Shuttle,
and will serve as a highly versatile astronomy observatory in space for Over a decade. The Space Telescope will greatly
expand the volume of space accessible for observation, contributing significantly to our understanding of the origin and
evolution of the universe and its energy-generating mechanisms.

The three High Energy Astronomy Observatory missions have been successfully launched and are yielding important
scientific informtion. These missions explored the high energy phenomena observable with X-ray, gamma ray, and cosmic
ray instruments. Work is also underway on explorer spacecraft to study ultraviolet and infrared astronomy and the Sun-

Earth relationships, and on payloads which will capitalize on the unique capabilities of the Space Shuttle and

Spacelab. The Gamma Ray Observatory, initiated in 1981, will take a significant next step in high energy astro-
physics. This mission will conduct a comprehensive whole-sky survey in the highest energy region of the electromagnetic
spectrum, which will advance knowledge of the nuclear processes occuring in the universe, and of the nature and dynamics

of pulsars, galactic gamma ray processes, neutron starts, and black holes.

Orderly progress in the systematic exploration of the solar system is proceeding. The objectives of this effort are
to understand the origin and evolution of the solar system and to better understand the Earth through comparative
studies with other planets. Pioneer Venus provided basic information about the massive cloud covered atmosphere of
Venus. The Voyager 1 spacecraft, after providing a wealth of new information about Jupiter and its four largest moons,
has made spectacular contributions to our knowledge of Saturn, its rings, and its satellites. Voyager II will encounter
Saturn in August 1981 and then continue on to Uranus. The Voyager results have added to our confidence that the Galileo
mission to Jupiter will also be a major milestone in planetary exploration. Major effort in FY 1982 will be continued
development on the Galileo mission which will use a probe to mke detailed measurements of the atmosphere of Jupiter and
an orbiter to conduct extensive observations of the planet and its satellites. The FY 1982 budget provides for
initiation of development of the Venus Orbiting Imaging Radar mission to take a major step in acquiring scientific
knowledge of the planet Venus by obtaining much more definitive data through mapping the surface of Venus than can be
derived from earth-based observations and previous space missions. The scientific information obtained will directly
contribute to the understanding of the Earth’s evolution. The FY 1982 budget also prwides for United States
participation in a cooperative international program of observation of Halleys Comet during its appearance in 1986, and
for co-investigation support on the European Space Agency Giotto mission to Halley’s Comet.
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SPACE ARD TERRESTRIAL APPLICATIONS

The objective of the space applications program is to develop, demonstrate, and transfer space technology, systems and
related capabilities for practical benefits here on Earth. Space applications research and development covers the areas
of resource observations, environmental observations, materials processing, and communications. Technology utilization
activities are designed to accelerate and expand the availability and use of technology developed in all NASA programs
into the private and public sectors of the economy.

In resource observations, identification and monitoring by means of remote sensing from space have demonstrated new
capabilities to provide data useful in such areas as agricultural assessments, water resources management, coastal zone
monitoring, improvement of maps, land use and surface mine monitoring, forestry and range resources inventory, and
mineral and petroleum exploration. Landsat-1, 2, and 3 have been providing a wide variety of data applicable in these
areas. The Landsat-D spacecraft system is being developed to extend and improve remote sensing capabilities. The
spacecraft is designed to carry two major remote sensing instruments, the thematic mapper and the flight-proven
multispectral scanner. The thematic mapper, a second generation, high resolution instrument for remote sensing of Earth

resources is well along in development. If this instrument can be completed and verified in time for a 1982 launch, it
will be flown on the first Jandsat-D type together with the multispectral scanner. If the thematic mapper is not ready
intime, the first Landsat-D mission will be flown with the multispectral scanner only, and the thematic mapper will be

flown together with the multispectral scanner on the second mission. The Magnetic Field Satellite and the Heat Capacity
Mepping Mission have demonstrated the ability to provide valuable information for geophysical and geologic studies.
Experiments designed to test the applicability of active microwave measurements, and of high resolution imagery for
mapping investigations, are planned for flight on early Shuttle missions. Joint activities with the users continue to
demonstrate specific applications of the remote sensing data in a wide variety of areas.

The joint effort in agricultural research with the Department of Agriculture, the Department of Commerce, the
Department of the Interior, and the Agency for International Development will continue. This effort emphasizes the use
of remotely sensed data, together with other data sources, to improve our knowledge with emphasis on improved
agricultural early warning and crop commodity forecasting.

Space capabilities are also used in the development of precise measurements of the movements of the Earth's crust and
other dynamic characteristics of the Earth to support research in earthquake mechanisms. A joint effort with the United
States Geological Survey, National Science Foundation, National Geodetic Survey, the Department of Defense, and with
other countries, will monitor the motion and internal stability of several major tectonic plates to determine the
crustal deformation in seismically active areas.

The FY 1982 budget also provides for continued system definition activities in support of the National Oceanic and
Atmospheric Administration responsibilities, for development and implementation of an operational Earth resources remote
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sensing system, for continued definition and advanced technical development on a new solid state instrument to enhance
the capability and reliability for future remote sensing of Earth resources by satellites; and for a new thrust in
research and analysis activities designed to imprwe the effectiveness of global assessment, exploration and development
of critical energy and mineral resources.

In the area of environmental observations, NASA is working with the National Oceanic and Atmospheric Administration
and others in improving the understanding of atmosphere and ocean processes, providing space observations of parameters
involved in these processes and extending the capabilities to predict environmental phenomena and their interaction with
human activities. Awreas of research and development include upper atmospheric research, global weather prediction,
severe storm research, climate research, environmental quality monitoring, and oceanic processes research. This
integrated approach encompasses the diverse fields of meteorology, climatology, atmospheric chemistry, atmospheric
physics, and oceanography. The program focuses on the special contributions space—derived data can make in these
fields.

NASA, in cooperation with other Federal agencies, is participating in a national program of climate research.
Development will continue on the Earth Radiation Budget Experiment. This satellite system is designed to measure
variations in the energy exchange between the Earth's atmosphere and space and other atmospheric factors important to
climate research.

In addition to continuing the basic program of upper atmospheric research, the FY 1982 budget provides for mission
definition and experiment design and development for an upper atmospheric research satellite mission to mke integrated
measurements of energy inputs, temperature, chemical constituents and winds during the next period of low sunspot
activity. Work also will be in progress on atmospheric experiments to be conducted on Spacelab missions.

A National Oceanic Satellite System (NOSS) project is being initiated in FY 1981, in cooperation with the National
Oceanic and Atmospheric Administration and the Department of Defense, to demonstrate an operational. capability for
application of remote sensing from space to oceanographic monitoring and research requirements. The National Oceanic
Satellite System will be configured as a two-satellite system, launched and capable of retrieval by the Shuttle,
integrated with a single preprocessing and data distribution center on the ground. Work will begin in FY 1982 on
research and on scientific instruments to fully exploit the capabilities of the NOSS by utilizing the reserved capacity
of the system for oceanic and atmospheric research.

Materials processing research and development activities are designed to exploit the unique characteristics of the
space environment to achieve results which are not possible or practical on Earth. Experiments are being conducted in
laboratories and with sounding rockets to build on the results of tests conducted on previous space flights and to
prepare for experiments to be conducted on future Spacelab missions. The FY 1982 program provides for continued
development of equipment and related activities for experiments to be conducted on early Spacelab missions and for
enhancement of research activities.
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Communications research and development efforts concentrate on advanced technology for communications satellite
systems with significantly imprwed capabilities and on providing technical support and consultation to other gwernment
agencies. Development is proceeding on the search and rescue locator system, a cooperative venture with other United
States agencies, Canada, and France, to demonstrate improved capabilities for detecting and locating distress signals
from aircraft and marine vessels. The FY 1982 program also provides continuation of advanced communications research
activities, and definition studies and advanced technology development on an experimental wideband communications
satellite to operate the recently allocated 30/20 GHz spectrum bands.

Technology utilization activities are designed to accelerate the transfer of new knowledge and innovative technology
generated by NASA and NASA contractors to the nonaerospace industry, as well as to State and local governments. During
FY 1982, NASA will continue its efforts to assure effective and widespread dissemination of new technology through a
variety of established mechanisms including publications, industrial applications centers, a computer software manage-
ment and information center, State technology applications centers, special application teams, and applications
engineering projects.

IC! RESEARCH AND 0GY

The objective of the aeronautics program is to prwide the technology base essential for continued United States
leadership in aeronautics. This technology base is needed for the development of future aircraft with imprwed
performance, fuel efficiency, safety, and environmental acceptability. The technology base also underlies the strong
competitive position of the United States in the world aviation marketplace and the continued superiority of the
Nation's military aircraft. The recommended program for FY 1982 includes a strong research and technology base effort;
continuation of ongoing systems technology activities, extension of efforts relating to improved fuel efficient long-
range transports, advanced rotorcraft, general aviation safety, and a significant initiative in development of a new
numerical computational capability for fluid dynamics.

The FY 1982 budget includes the necessary activities to provide a strong research and .technology base. These
activities place emphasis on the technology disciplines of aerodynamics, propulsion, avionics and flight controls,
human-vehicle interaction, materials and structures; and on the conduct of focused technology activities relevant to the
major classes of aeronautical vehicles such as conventional take-off and landing aircraft, rotorcraft and high
performance aircraft.

The FY 1982 budget provides for initiation of development of the Numerical Aerodynamic Simulator, a major new and
unique capability in the field of compuational fluid dynamics. Development of this national resource will promote
United States leadership in large-scale computer technology, provide a quantum improvement in analytical capability for
advancing aeronautical sciences, and have a major impact on development of advanced aircraft.
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Progress will continue in the aircraft energy efficiency systems technology that can lead to a major reduction in fuel
requirements for transport aircraft. In addition to efforts now in progress, the recommended FY 1982 program includes
follow—on program phases in composite aircraft structures to develop the technology required to validate the structural
durability of major critical transport wing and fuselage subcomponents.

The budget also prwides for continuing focused systems technology efforts to develop verified design methods, design
criteria and systems concepts for future quiet , efficient, and all weather rotorcraft.

Critical resources technology effort will be undertaken to help reduce the dependence of United States aviation on
foreign suppliers by identifying new high temperature alloys with potential to reduce the use of materials, such as
cobalt, columbium, chromium, and tantalum which are used in hot section components of gas turbine engines, and by
investigating the effects of the use of lower grades of fuel, including shale oil and coal sources, for aircraft
propulsion.

Other examples of focused technology efforts include core design and higher temperature technology applicable to
variable cycle propulsion systems, technology for increasing the efficiency, and reducing the noise and weight of
propellers for general aviation aircraft, and high performance flight experiments conducted in cooperation with the
Department of Defense to investigate advanced aerodynamic, structural, and propulsion concepts applicable to future
military aircraft.

SPACE RESEARCH AND TECHNOLOGY

The objectives of the space research and technology program are to prwide a technology base which will adequately
support current and future space activities and to implement approaches for further reducing the costs of future space
activities through imprwement of components. The FY 1982 budget applies increased resources to fundamental
disciplinary research and technology. This increase is a much needed step toward reestablishing emphasis on the longer
term aspects of space technology which are critical to future United States leadership in space. Research and
technology base activities include the following major areas:

® Aerothermodynamics involving re—entry heating and control with emphasis on advanced technology for aerobraking and
aerocapture and on aerodynamics of advanced transportation systems.

® Chemical propulsion cwering advanced orbital transfer vehicle propulsion, planetary retropropulsion, and low=-
thrust propulsion, prwiding an increased emphasis on oxygen—-hydrogen Earth—to-orbit propulsion.

@ Materials and structures with increasing emphasis on technology for assembly, construction, and deployment of
structures in space.
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O Electronics and automation including increased emphasis on autonomy in launch, test, and checkout; command and
control; spacecraft self-management teleoperator technology; smart sensors; and control of attitude and shape of

large structures.

® Power and electric propulsion including high quality space power systems, thernnl-to-electric power conversion, and
advanced power and electric propulsion concepts.

@® Information systems emphasizing technology for advanced sensor systems and data management, analysis, and
distribution.

@® Spacecraft systems with emphasis on large space systems and future spacecraft concepts including thermal management
and contamination control technology.

® Transportation systems activities defining new concepts for advanced transportation systems as well as conducting
flight experiments using the Space Shuttle.

Systems technology activities involve shorter—term technology activities including antenna experiments and other
technology relevant to a 30/20 GHz communication satellite, solar cell and array experiments, and other experiments to

be conducted on Spacelab missions.

ENERGY TECHNOLOGY

Energy technology efforts in NASA are primarily directed toward identifying the technology developed in the
aeronautics and space program which has potential for nnking major contributions to the solution of energy problems on
Earth. NASA prwides technical support to the programs undertaken by other agencies to develop specific applications
such as solar cells, solar heating and cooling, and electric power generation by wind power. NASA also nnkes its
capabilities and facilities available to the Department of Energy and other agencies to accomplish energy technology
activities on a reimbursable basis.

TRACKING AND DATA ACQUISITION

This program prwides the vital tracking and data support required by all NASA flight projects in accomplishing their
mission objectives. This support is provided by a worldwide network of NASA electronic ground stations and
transportable laser tracking facilities interconnected by a communications system using ground, undersea, and satellite
circuits. Computation facilities also are prwided to process into usable form the large amounts of scientific,
applications, and engineering data which are collected from flight projects. In addition, instrumentation facilities
are prwided for support of sounding rocket launchings and flight testing of aeronautical research aircraft.
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In FY 1982, operations funding will prwide support to some fifty individual spacecraft missions and to Space Shuttle
orbital flight tests. Systems funding will sustain the existing facilities and systems at the lowest levels consistent
with the support of the ongoing missions and prwide the necessary modifications to meet the requirements of approved
future flight missions including those of the operational space transportation system. The FY 1982 budget also prwides
effort on the planned consolidation of the spaceflight tracking and data network and deep space network into a single
network.

A major aspect of the tracking and data acquisition program in future years will be the Tracking and Data Relay

Satellite System (TDRSS), which will support essentially all Earth orbital spacecraft missions and will greatly imprwe
NASA’s Earth orbital tracking and data acquisition capabilities. NASA will acquire this capability through an
arrangement under which the contractor will establish the system and prwide NASA with TDRSS services beginning in FY
1983.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROPOSED APPROPRIATION LANGUAGE

Federal Funds

General and special funds:
ResearcH AND DeEveELOPMENT

For necessary expenses, not otherwise provided for, including re-
search, development, operations. services, minor construction main*
nance, repair, rehabilitation and modification of real and personal
property; tracking and data relay satellite services as authorized by
law; purchass, hire, maintenance, and operation of other than admin-
istrative aircraft, necessary for the conduct and support of aeronauti-
cal and spme= research and development activities of the National
Aeronsutics and Space Administration [; and including not to exceed
(1) $29,000,000 for Space Transportation Systems Upper Stages, (2)
$30,900,000 for Space Transportation System Operatiom—Upper
Stages, (3) $119,300,000 for the Space Telescope, (4) $39,600,000 for the
International Solar Polar Mission, (5) $19,100,000 for the Gamma Ray
Observatory, (6) $63,100,000 for Project Galileo. (7) $88,500,000 for
Landeat D, (8) $1,873,000,000 for the Space Shuffle, and
$149,700,000 for Spacelab, without the approval of the Commitiees on
Appropriations, $4,396,200,000,] $5,452,600,000, to remain available
until 80, [1982.] 1953. (42 U.S.C. 2451, et seq.; £
of Hm Urlusn Ikve]kpnwnt—lndependent s Dz.g”‘m ppropri-
ation Act, 1981; additional authorizing legislation to hc proposed.)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT

Program and Finaneing (in thousands of dollars)

plan (amounts for research and Costs and oblgations
sicaion cote 80-0108-0—1-999 B o s woganes)
1980 actual 191 at. 1982 at. 1980 actual 1981at. 1982 at

Program by activities:
Direct program:
1 Space transportation SyStems:

(a) Space shuttie 1,871,000 1,943,000 2,230,000 1,802,740 2,019,500 2,100,600
(b) Space fight operations 446,600 683,700 1,043,000 426317 569,800 978,400
(c) Expendable launch vehicle development 21,100 38,500 22,900 36.362 49150 32300
2. Scientific investigations in space:
(a) Physics and aStONOMY ............ceeeecerecsercrsesrcersssen 349,100 350.200 456,400 338,063 334,000 416,800
{b) Planetary exploration 219,900 175,600 256,100 193,343 194,500 257,000
(c) Life sciences 43800 42188 49,200 41,547 44,000 38,500
3. $ace and terrestrial applications:
(2) Space appHCAtioNg wmemmmmesmesmemesmssmesees 365,620 363950 476,200 335,864 368,450 429,150
(h) Techaology utilization 11,980 111800 14,600 10499 13100 11,800
4. Space research and technology ... 115,586 110,700 141,000 111,350 110.800 125,900
5. heronautical research and techmlogy 308,300 276,150 323,600 262,895 272,000 291,650
6. Energy technology 3,000 3,900 4400 4889 2900 4200
7. Supporting activity:
(a) Tracking and data acquisition...— 332.100 341.100 435,200 314592 323,800 417,100
Total direct PrOGIam o« comeemeere 4,088,086 4,340,788 5,452,600 3,878,521 4,293,000 5,103,400
Reimbursable program:
1 Space transportation systems:
(a) Space shuttle 75162 82230 97,000 21825 75,730 100,420
(b) Space flight OPEFBLIONS u-veererrerserceeremssrercr 53834 59,604 143,000 83,744 64,150 136,560
2. Scientific mvestlgatms n space;
123% 1,387 1,700 868 1500 1,750
78 88 100 5 80 100
(c) Life sciences 133 149 200 246 170 200
3 Space and terrestrial applications:
(a) Space apPNCAtING mummmmmermersmesmesseessesre 270,217 291,422 431,000 156.270 282,030 432,560
(b) Technology utilization 14607 10,762 12.000 13,497 16.260 12530
4. Space 1eSEArTN and teCANOORY oo 13% 415 400 1561 1070 430
5 Aeronautical research and technology —mm———— 22,060 17583 17,600 17,108 20,770 18710
6. Energy technology 210,765 218,600 338,000 165.642 221,020 337.400
1. Supporting activity: )
(1) Tracking and data acquisitin............ R—— 1206 1,760 9,000 5751 20 9,340
Total reimbursable PrOZIAM ...........coousesssessssssssoss 656.621 690.000 1,050,000 472517 690,000 1,050,000
Total program costs, fundet e 4,744,701 5,030,788 6,502600 4,351,038 4,983,000 6,153,400
Change in selected resources (undeliversd orders and
stores) 140,292 634,991 349200
10.00 Tolad 4,744,707 5,030,788 6,502600 4,491,330 5,617,991 6,802,600
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Program and Financing (in thousands of dotiars)—Continued

Vasticaten coe 80-0108-0-1-999 e g s o otlgptons
1980 actual 1981 est. 1982 est. l“f actual - 1981 N.i 1982 est.
m )
Offsetting collections from:
1100 Federal funds — 463,132 — 455,803 — 766,980 — 408,022 — 455,803 — 766,980
1400 NonFederal sources.—.. oo — 193,489 —224197 — 283,020 — 15783 —204197 — 283,020
Unobiigated balance available, start i year: For completion
of prior year budget plans:
2 e — — 239,006 — 368,724
2140 Dl T i — 185,885 —28ATY
Uncbiigaied balance avaitabe, end of year: For completion of
prior year budget pians:
u0 —_— 368,724
u49 DOrect... — N a849
2500 UnBSTREWE nck tapsing o 70
3900  Budget authority.... - 4,088,086 4340788 5,452,600 4,088,086 4,340,788 5,452,600
Budget Authority:
8000  ADPIOIBION .o e s e 4,092,500 4,396,200 5,452,600 4,082,500 4,396,200 5,452,600
4000 Reduction pursuant to Pubkic Law 96— ... Zs5.412 Z55412
4001 Appropeiation Tescinded (Public Law 96-304) ~141 1Al
4100 Transferred to other accounts —3,000 — 3,000
30
Appropriation (sdiested) ... oo 4,083,086 4,340,788 5,452,600 4,088,086 4,340,788 5,452,600
jon of obligations 1o outiays:
7100 Obigations incurred, net . 3,925,495 4,927,991 5,452,600
7240 Obligated batance, start of year ) ) R 168682 1,008,505 1,882,296
7440 Obigated balance, end of year /008 _1882296  —2.2614%
7700 Adjustments in expired accounts. - —1,350
000 Doty . 3,701,452 4,054,200 5,073,400

¥ inchdes capital imvestenent a3 follows: 1980 $46.773 thousand: 1981 $118.598 thousaed; 1982 $138.638 thousand.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

BUDGET PLAN SUMMARY

FY 1980 FY 1981 FY 1982

(Thousands of Daollars)
Code  SPACE TRANSPORTATION 2,385,000 2,681,100 3,304,200
253 Space Shuttle......................... 1,871,000 1,943,000 2,230,000
253 Space flight operations...........cocviiiiiiiiiiiiiinnns 446,600 683,700 1,043,000
253 Expendable launch vehicles....... . 67,400 54,400 31,200
SPACE SCIENCE 600,500 562,488 756,700
254 Physics and astronomy...........coceveiviiiiiiininnnn. 336,800 344,700 451,400
254 Planetary epainm 219,900 175,600 256,100
254 Life SClences st ersrarsoonsrossosaroosososansnsosesssasnsns 43,800 42,188 49,200
SPACE AND TERRESTRIAL APPLICATIONS 343,600 365,350 487,500
254 Space applicatiONSasssssssssssssnnsnnsnnnnsnnnnnnnnnnnnnnnns 331,620 353,550 472,900
254 Technology utilization 11,980 11,800 14,600
AERONAUTICS AND SPACE TECHNOLOGY 426,886 390,750 469,000
402 Aeronautical research and technology.................. 308,300 276,150 323,600
254 Space research and technology..........coooiiiiiiniinnn. 115,586 110,700 141,000
254 Energy technology............. 3,000 3,900 4,400
255  TRACKING AND DATA ACQUISITION 332,100 341,100 435,200
Total .o 4,088,086 4,340,788 5,452,600

SUM 15




Code

253
254
255

(250)

402

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

SUMMARY OF BUDGET PLAN BY SUBFUNCTION

FY 1980 FY 1981 FY 1982

(Thousands of Dollars)
Space Flight.. ssssssssssssssasansnssnssnnnsnnnssnnnssnnnnansns 2,385,000 2,681,100 3,304,200
Space Science, Applications and Technology.. sssssssssssssssss 1,062,686 1,042,438 1,389,600
Supporting Space Activities..........coooiiiiiiiiiiiiinn. 332,100 341,100 435,200
Subtotal, General Science, Space and Technology.. ssssssssss 3,779,786 4,064,638 5,129,000
FANIEIN1= 6: 1) (= 10 ) R 308,300 276,150 323,600
™ 4,088,086 4,340,788 5,452,600
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1982 ESTIMATES

(Thousands Of Dollars)

National o Dryden
Johnson Kennedy Marshall Space Goddard Jet Wallops Ames Flight Langley Lewis
Space Space Space Flight Technology Space Flight Propulsion  Flight Research Research Research Research NASA
PROGRAM TOTAL Center Center Center Laboratories Center Laborator Center Center Canter Center Center Head. ter
TRANSPOR’
SYSTEMS, TOTALasusus 2,385,000 | 1,327,126 296,333 669.480 6.080 43,693 395 ——— 900 5.5%5 17,000 18,343
2,681,100 | 1,429,700 343,300 819.600 5,000 51,200 - .- 1.300 1,700 5.50 23.800
3,304,200 | 1,505,200 370,700 1,052,900 5.300 32.000 ams o= 1.60 900 --- 33f.100
Spice Shuttle....vviviianannns 1980 | 1,871,000 | 1,183,665 205.032 468,668 250 50 340 85 900 495 11,515
1981 | 1,943,000 | 1,254,900 239,300 432.400 .- - —-- --- 1,300 800 14,300
1982 | 2,230,000 | 1,268,400  256.800 389,800 . --- - - - 1,600 100 .- 313,300
Space flight operations....... 1980 446.600 143,461 86.601 200,822 5,800 5,143 55 “-- 4,728
1981 683,700 174,800 102,400 387,200 5.000 5,500 --- .- 8,800
1982 | 1,043,000 237,300 112,200 663,100 5.300 1,800 - - - 21,300
Expendable launch vehicles.... 1980 67,400 - 4,700 - 38,500 --- --- 2,100
1981 54,400 .- 1,600 - 45,700 .- . .- 700
1982 31.200 - 1,700 e e 28,200 - --- --- - 500
|OFFICE OF SPACE SCIENCE
TOTAL. .« axassanarassanansnnas 1980 600,500 24.184 3.628 154.308 -——- 83.952 192,623 70.814 108 722 64,345
1981 562.488 23.745 5,679 158,466 . 87.478 154.015 54,979 555 37 69,921
1982 28,950 5.037 176.072 mes 160,039 230.348 57,768 615 13 o= 838.477
Physics and astronomy..... 336,800 146 2.7% 154,186 an- 79,637 51.027 14.673 675 27.844
1981 344,700 1.6 4,877 158.331L ——- 83,687 48,616 12.714 37 27.145
1982 451,400 4.594 3,503 175,872 ——— 155,454 55,701 8,913 - 13 --- 37,978
Planetary exploration:s:s:ss.... 1980 219.900 7456 .- 122 .n- 4,290 139.321 40.049 7 28,616
1981 175.600 8,259 .- 135 - 3.7%6 104.276 26.8%4 --- ,280
1982 256,100 8,984 --- 200 -- 4,546 173.402 a—- 30.2719 - --- --- 38.689
Life sciences.usvsisarnnansasass 1980 43,800 16.543 832 - <) 2,275 o-- 16,092 108 40 JE— 7.885
1981 42,188 13,806 802 .- 35 1,123 15.371 555 .- 10.4%
1982 49.200 15.381 1.534 - . 9 1.245 18.576 615 = 11.810
OFFICE OF SPACE AND TERRES-
TRIAL _'PLICATIONS, TOTAL. ... 1980 343.600 25.626 587 28,852 3,330 182,547 27,260 4,490 17.429 55 17.078 12,707 23,639
1981 365,350 38.603 210 21,920 3,210 196.260 24,330 4,310 18.837 37 13,410 19,964 24.259
487.500 44,925 320 30.160 2,925 279.415 42.240 6.415 13,785 50 19.215 19.330 28,720
Space applications ....avauvsssass 1980 331.620 25,616 508 28.460 3,190 181.783 24.99 4,119 16,560 16,378 11,897 18,105
1981 353.550 38,503 110 21,420 3,060 195.310 2.60 4,190 17.937 12,410 19,464 18.516
1982 472,900 44,775 170 29,620 2,750 278,135 40,250 6.000 12,535 18.35 18,580 21,720
Technology utilization.......... 1980 11,980 10 9 392 140 759 2.5 371 869 55 700 810 5.534
1981 11.800 100 100 500 150 950 1.700 120 900 37 1,000 500 5.743
14,600 150 150 540 175 1,280 1.90 375 1.250 50 890 750 7.00
38 AND
SPACE TECHNOLOGY. TOTAL.. 1980 426.886 11,032 20 10.640 em 9.436 24.717 625 59,558 12.84 147,507 140.967 9,490
1981 390.750 885 80 9.006 50 9.000 2.015 600 64.100 13,400 130,100 126.300 7.25
469.000 1045 120 13.950 100 12,400 27,680 800 103,000 17.500 147.200 127.000 8.825
Aeronautical research asud
technology..e.covvses deveanns . 1980 308.300 745 .- 725 --- 780 625 50.590 12,834 120.09% 117,756 4.149
1981 276,150 200 --- 700 -—- 800 600 54.300 , 101,400 100.! 4.220
1982 323,600 100 - 800 .- - 1,000 800 91.000 17,400 111,000 97,000 4,500
Space research and
technologY svvrurrnrararinraras 1980 115,586 10,287 8,920 =" 9,436 23.071 =-- 8.968 .-- 27.411 22,228 5,265
1981 110.700 8,400 7,000 . 9,000 19.700 .- 9.800 loa 28,700 25,000 3,000
1982 141,000 10,100 == 11,700 R 12,400 24,900 . 12.000 100 36,200 29.700 3,900
Energy technolegg..:eeeereaassns 1980 3,000 .- 20 995 - 926 .- - 983 76
Toeay 3,900 225 80 1,305 50 1,515 .n- - - 700 28
1982 4.400 225 120 1,450 100, - 1,780 LLLY == --= === 300 4285
OFFICE OF SPACE TRACKING
AND DATA SYSTEMS .uuvsssuussaas1980 332.100 - - 555 [ 231.460 70,375 6,580 - 3,050 .- 20,080
1981 341,100 - ~—— 200 . 237,300 75,600 5.950 --- 3,050 - 19.000
1982 435.200 . scs 200 —es 294.300 103.000 11.30 .- 3.500 === .-- 2.90
TOTAL BUDGET PLAN. ....cvuvnnanss 1980 | 4,088,086 | 1,387,968 300,568 863,835 9.380 551,088 315.430 17.511  147.886 16.947 170,902 170,674 135,897
1981 | 4,340,788 | 1,500,873 349,269 1,009,191 8,260 581,238 275.960 18,473  137.916 18.342 115,247 151,764 144.255
545 ,600 | 1,590,009 376.177 1,273,282 8.35 778,154 403.268 27,887 114.553 23.265 167.328 146.330 484.022
sm 17
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1982 ESTIMATES

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE TRANSPORTATION SYSTEMS

Budget Plan
1981 1982
1980 Budget Current Budget
Programs Actual Estimate Estimate Estimate
(Thousands of Dollars)
Space Shuttle ..o 1,871,000 1,886,000 1,943,000 2,230,000
Space flight operations...................coooeel. 446,600 446,600 683,700 1,043,000
Expendable launch vehicles.......................... 67,400 70,700 54,400 31,200
™ 2,385,000 2,403,300 2,681,100 3,304,200
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE TRANPORTATION SYSTEMS SPACE SHUTTLE PROGRAM

MARY OF RESOURCES JUIR

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate NO e———

(Thousands of Dollars)

Design. Development. Test EvaluatiOoN ssssssssssssasnnns 1.115. 500 683. 000 958. 000 740. 000
Orbiter EEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEENEESR 641- 900 320. 900 521.000 372- 000 RD 1_7
min engine SN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR 140.606 145- 700 134- 000 127. 000 RD 1_10
EXternaI tank EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENGESR 79. 400 48- OOO 54- 500 25- 000 RD 1_12
Solid rocket bOOStEr sassssusssnsnssnannanunnanunnnnn 65. 200 14. 000 44, 500 17. 000 RD 1-14
la unch and Iand|ng BN EE NN NN NN EEEEEEEEEEEEEEEEER 188. 400 154. 400 204. 000 199. 000 RD 1-15
ChangeS/SystemS Upgrading EEEEEEEEEEEEEEEEEEEEENEEEEEER ——— 150. 000 —— — 300. 000 RD 1-18

Production EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENESR 755- 500 1.040- 000 985- 000 1.190. OOO
Orbiter EEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEENEEEEENENGESR 572- 600 768.200 727- 500 873 lOOO RD 1_20
Main engine EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENERTSR 123. 600 121.500 12]— 500 105- OOO RD 1_22
LaunCh and Iandlng EEEEEEEEEEEEEEENEEEEEEEENEEEENEEER 16 400 40 400 34 000 57 000 RD 1_23
Spares and equipMeNt ssssssssssnnnnnnnnnnnnnnnnnnnns 42. 900 109. 900 102. 000 155. 000 RD 1-25

Total EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEENEENETSR 1-871-000 1.873. 000 1.943- 000 2- 230- 000
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimte Estimate
(Thousands of Dollars)

Distribution of Program Amount by Installation:

Johnson Space Center..........ccovviiiiieeiiinnn... 1,183,665 1,104,200 1,254,900 1,268,400
Kennedy Space Center........ccoviiiiiiiiiiiininnns 205 ,032 196,900 239,300 256 ,800
Marshall Space Flight Center.. ssssssssssssssssssnss 468,668 408,300 432 ,400 389,800
National Space Technology LaboratorieS ssssssssnsnns 250 5,500 -— -
Goddard Space Flight Center.. sssssssssssssnsunnnnns 50 - - -
Jet Propulsion Laboratory.......................... 340 ——— - ——
AT Research Center...........ooiiiiiiiiiiaan... 85 - -— ——-
Dryden Flight Research Center...................... 900 700 1,300 1,600
Langley Research Center. sssssssssssssssssssnnnnnnns 495 - 800 100
Hah s 11,515 157,400% 14,300 313,300*

o= 1,871,000 1,873 ,000 1,943,000 2,230,000

*Includes changes/systems upgrading estimates
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE TRARSPORTATION SYS SPACE SHUTTLE PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Space Shuttle is the key element of a versatile, economical space transportation system that will provide a wide
variety of national and international users with round trip access to space beginning in the 1980's. The Space Shuttle
will be the first reusable space vehicle, and will be configured to carry many different types of payloads to and from
low Earth orbit. Its development will prwide multipurpose, economical space operations for Earth applications,
scientific, defense, and technological payloads. The Space Shuttle is, however, much more than just a transportation
vehicle. It will offer unique capabilities that cannot be achieved with today's expendable launch vehicles == to

retrieve payloads from orbit for reuse; to service and repair satellites in space; to transport to orbit, operate, and
return space laboratories; to transport materials and equipments to orbit; and to perform rescue missions. These

capabilities will greatly enhance flexibility and productivity, and result in savings in the cost of space operations.
The Space Shuttle consists of four basic flight hardware elements == the orbiter, the main engines, an expendable
external propellant tank (ET), and twin solid rocket boosters (SRB) == plus launch and landing systems. The orbiter is

the reusable spacecraft portion of the Space Shuttle. 1Its large payload volume of 285 cubic meters (370 cubic yards)
and cargo carrying capacity of up to 29,500 kilograms (65,000 pounds) will permit payloads to be built to less
restrictive design requirements. The orbiter vehicle will carry personnel and payloads into orbit to perform their
assigned tasks and return them to Earth. The orbiter is roughly the size of a DC-9 aircraft and contains three liquid
fueled reusable main engines. It will also provide a habitable environment for the crew, which will include scientists
and engineers.

MISSION PROFILE:

The Space Shuttle will be launched into space by the thrust of its three liquid oxygen/liquid hydrogen main engines,
burning in parallel with the twin solid rocket boosters. Two minutes into the flight, at an altitude of about 45
kilometers (km) (24 nautical miles), the solid rocket boosters will burn out, separate, and descend by parachute to a
soft splashdown in the ocean about 260 km (140 nautical miles) downrange. They will then be recovered for refurbishment
and reuse. The three main engines will continue to burn for another six and one-half minutes. Just before orbital
insertion, the engines will be shut down and the external tank will be jettisoned. Following a ballistic trajectory,

RD 1-3




the empty tank will reenter, tumble, and break up over a remote ocean area about 18,500 kn (10,000 nautical miles)
downrange. The orbiter, aided by its orbital manewering engines, will enter Earth orbit to perform its mission. After
completing the mission, the orbiter will again fire its orbital maneuéring engines to deorbit and reenter the
atmosphere for its approach and landing.

The Space Shuttle will have a crew of three: the commander, the pilot, and the mission specialist. 0On some missions,
up to four more mission or payload specialists may be added. The crew will experience forces not greater than three
times that of gravity (3-g forces) during launch and landing, and will be able to perform their work in a shirt-sleeve

environment.
STATUS:

The Space Shuttle program is in the final period of development toward the first orbital flight (STS-1), expected in
March of 1981, with all flight elements integrated into the space vehicle which is now in prelaunch processing at the
Kennedy Space Center (KSC). The technical problems which delayed our earlier planned launch (i.e., thermal protection
system installation and testing, and hardware certification and verification) have been resolved. Orbiter 102
(Columbia), which will be used for the orbital flight test (OFT) program, rolled out of the orbiter processing facility
(OPF) on November 24, 1980, to the vehicle assembly building (VAB) where it was mated with the external tank (ET) and
the two solid rocket boosters (SRB) on December 2, 1980. Following integrated testing of these elements they were moved
to the launch pad on December 29, 1980, for final launch preparation. Other STS-1 activities such as hardware
certification and avionics verification are also proceeding and are near completion.

Fy 1980 main engine activities included single engine and mated engine testing, and the preliminary flight
certification program in preparation for the first orbital flight. The technical problems occurring in 1980 (a fuel
preburner burn-through, a main injector post failure, and a failure of an orifice ina thrust control sensing port) have

been corrected. In addition to the problem resolution activities, the four preliminary flight certification (PFC)
cycles required prior to the first flight were completed with two engines. In total, they accumulated Owver 52 tests and
more than 20,000 seconds of operation. Three of these PFC cycles were at the 100%rated power level (RPL) and the last
cycle wes at 102%of RPL. In addition, the three engines to be used for the first orbital flight were modified, re-

acceptance tested, and in November 1980 reinstalled in Orbiter 102. The main engine program has accumulated over 600
tests and 95,000 seconds of operation, including about 1,100 seconds at 109%of RPL. The main propulsion test (MPT)
series is continuing at NSTL to demonstrate the 109%power level.

The first flight external tank (ET) is at KX where mating with the SRB’s and orbiter have been completed. The second
external tank (ET-2) is in final checkout for delivery in April 1981. The remainder of the tanks for the orbital flight
test program, along with the first four tanks (including the first lightweight tank) for the operations phase of the
program, are invarious stages of manufacture at the Michoud Assembly Facility.
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The final solid rocket motor qualification test firing occurred in February 1980. This completed a series of four
development firings and three qualification firings. Subsystem component qualification tests were completed to support
the STS-1 flight. Propellant casting for STS-2 and six of the eight segments for STS-3 have been completed.

At KSC significant progress has been made in preparing the various Space Shuttle elements, facilities and ground
support equipment to support the launch of STS-1. Although the major effort in the orbiter processing facility (OPF)
has been tile installation and completion of orbiter manufacturing, numerous subsystem tests have been completed and
major orbiter integrated system tests have been conducted. The launch processing system (LPS) is operational and is
supporting vehicle and facility checkout. Software for the orbiter, SRB, ET, and facility subsystem checkout and
operation is available and being utilized. Vehicle system procedures and software to be used in final Space Shuttle on-
pad checkout and launch are being developed and validated. Launch pad cryogenic, hypergol, and other fluid, mechanical,
and electrical systems are in final checkout to support Space Shuttle processing. The contractor and civil service
workforce at KSC are on an around-the—clock schedule in order to achieve the planned launch date for the first flight.
After STS-1, KSC will be involved in the retrieval and disassembly of the SRB“s, deservicing of the orbiter, and vehicle
processing for STS-2.

Orbiter 099 (Challenger), used in the development phase as the structural test article (STA), is being modified to an
operational vehicle, with delivery planned for mid-1982. Orbiter 103 and Orbiter 104 are being manufactured as new
vehicles with delivery scheduled for the late 1983 and 1984 timeframes respectively. Efforts which will extend into
FY 1982 are underway to develop improved materials for the thermal protection system, to prwide for follow-on
procurement of the remote manipulator system, and to initiate procurement of long lead time material for a fifth
orbitera

Fabrication and assembly of engines for installation into Orbiter 099 will be completed in FY 1981. These engines
will then be acceptance tested and delivered to KSC during FY 1982. Fabrication and assembly of engines for
installation into follow—on orbiters are underway and will be delivered in 1983 and 1984. Fabrication of engines for

Orbiter 103 will be completed in Fr 1982.

Launch and landing production phase activities include purchasing ground support equipment and modifying facilities in
order to support two to three orbiter vehicles in simultaneous processing. This includes a second high bay in the
orbiter processing facility, a second set of high bays in the vehicle assembly building, a second mobile launch
platform, a second launch pad, and a solid rocket motor processing facility.

Spares and equipment funds provide for the initial operational inventory of crew equipment, necessary spares for
flight hardware and ground support equipment, plus ET and SRB production rate tooling. This includes orbiter flight
spares, orbiter and launch site ground support equipment spares, the extravehicular mobility units (each comprised of a
space suit assembly, a primary life support system, and a portable oxygen system), main engine spares, and ET and SRB
production tooling to support the operation flight rate buildup.
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CHANGES FROM FY 1981 ESTIMATE:

The total Space Shuttle estimate for FY 1981 has increased by $70 million, which is to be reprogrammed from Space
Flight Operations (STS Operations). These funds can be made available because of reductions in requirements resulting
from the delay in the first operational flight. In addition, funding estimates within the Space Shuttle program have
been adjusted consistent with increased development (DDT&E) requirements. The DDT&E requirements have increased
substantially primarily due to technical problems encountered in development , certification and launch preparation
activities and the resultant delay of STS-1 and extension of the orbital flight test (OFT) program. As a result, it has
been necessary to allocate the funding budgeted under changes and system upgrading to meet added requirements and
changes in the DDT&E effort. In addition, $55 million of funds budgeted for production are reallocated to meet the
DDT&E requirements. These funds are available as a result of rephasing of production activities. Detailed explanations
are contained in the applicable sections that follow.

MAJOR PROGRAM ACTIVITIES PLANNED IN FY 1982:

Complete orbital flight test missions

Continue main propulsion testing to demonstrate 109%of rated power performance

Complete the second set of flight main engines

Complete delivery of the fourth solid rocket booster flight set hardware for the OFT program

Complete delivery of the external tanks for the OFT program

Analyze OFT flight data for application to operational flights

Continue follow-on orbiter fabrication and assembly leading to a national fleet of operational orbiters
Reconfigure Columbia for the first operational flight

Complete first qualification firing of the performance imprcved solid rocket booster

Complete refurbishment of the STS-1 solid rocket boosters

e De® O®0Dd®DD®DD®D
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DESIGN, DEVELOPMEN TEST, AND EVALUATION

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Orbiter.. .o 641,900 320,900 521,000 372,000

OBJECTIVES AND STATUS:

The Space Shuttle orbiter is a reusable vehicle which serves as the orbiting spacecraft to deploy and retrieve
payloads in low Earth orbit and provides living quarters for personnel in orbit. The orbiter reenters the atmosphere
and lands as an unpowered aircraft, returning crew and payloads. A payload of up to 29,500 kilograms (65,000 pounds)
can be placed in low Earth orbit at an altitude of 185 kilometers (100 nautical miles). The physical dimensions of the
payload may be as large as 4.6 meters (15 feet) in diameter and 18.3 meters (60 feet) in length. The Orbiter Columbia
(0V 102) wes assembled in Palmdale, California, and delivered to the orbiter processing facility (OPF) at the Kennedy
Space Center (KSC) in March 1979. Planned thermal protection system (TPS) installations, OPF testing, and hardware
modifications were completed and the orbiter wes rolled out of the OPF to the vehicle assembly building (VAB) on
November 24, 1980. The orbiter wes mated with the external tank (ET) and the solid rocket boosters (SRB's); and,
following integrated testing with these elements, the stacked vehicle wes moved to the launch pad on December 29, 1980,
for final launch preparations.

Other orbiter STS-1 related activities have also continued. Hardware certification is nearly complete with most of
the certification testing finished. Avionics verification testing is proceeding and is also nearly complete.

Substantial effort during the past year has been devoted to the thermal protection system. In addition to completing
the tile installations on Orbiter 102, detailed analysis of the tile installations were conducted to determine
structural margins, and each tile wes proof tested to 1.25 times the expected flight loads. Concurrently, the TPS
certification test program has continued to demonstrate mission life capability under conditions simulating acoustic,
structural, and thermal loads. Testing to assess damage effects and failure modes were conducted, as well as off-Ilimit
testing to determine actual thermal margins. Special tests were initiated to confirm design changes, and several tests
were added to investigate further areas of concern, such as aerodynamic shock during the transonic phase of the ascent
trajectory. All TPS certification testing for STS-1 will be completed in early 1981.
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The phased development of flight software for the primary and backup systems has been planned to provide early
deliveries of the software to support avionics verification in the Space Shuttle avionics integration laboratory (SAIL)
at JSC and the flight systems laboratory (FSL) at Rockwell in Downey, California. Verification testing is grouped into
three categories: Category 1 - Basic: test cases for both nominal and off-nominal conditions for all phases of the
flight regime; Category 2 = Regression: test cases to validate changes to the original baseline system (hardware and
software); Category 3 = Mission Unique: test cases designed to validate the unique trajectory and flight conditions of
the mission.

The basic verification testing for nominal and off-nominal conditions has been completed; the regression and mission
unique testing is scheduled to be completed in early February 1981. Upon completion of the STS-1verification
activities, the laboratories (SAIL and FSL) will be reconfigured to support STS-2 and subsequent flights. The STS-1
final flight software has been delivered. The software for STS-2 through STS-4 is scheduled for delivery in August
1981.

Testing of the various communication links with the rest of the avionics system, utilizing the SAIL and the electrical
systems test laboratory (ESTL) has also been performed. Combined system testing of the flight control actuation systems
for the aerosurfaces and the main engine thrust vector controls with the Space Shuttle hydraulic systems, using the FSL
hardware evaluator and flight control hydraulics, has also been completed.

The generation of data and documentation for integrating the remote manipulator system (RMS) with the orbiter and for
on-orbit flight testing of the DDT&E unit produced by Canada is near completion. An RMS configuration review has been
held, and it has been determined that the Canadian design will meet NASA performance requirements. Canadian DDT&E
activities were focused upon final testing and necessary improvements to the flight hardware, and continued RMS flight
performance simulations with astronaut participation. The RMS flight hardware is scheduled to be delivered in early
1981.

CHANGES FROM THE FY 1981 BUDGET ESTIMATE:

The N 1981 orbiter estimate has increased by $200.1 million. The increase was caused by technical problems which
delayed the scheduled rollout of Orbiter 102 from the orbiter processing facility (OPF) and led to the delay in the OFT
program and the initial operational capability date. Manufacturing manpower levels had to be sustained through the
first two months of FyY 1981 in order to complete bonding of the TPS and installation of hardware modifications. Higher
engineering manpower levels have been required due to delays in the completion of certification work. System and
subsystem change activity has had an impact on subcontractor costs.

Increases in requirements have also been experienced in the support areas caused by schedule extensions and additional
testing requirements for systems integration and Johnson Space Center (JSC) program support efforts. In SAIL the
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extension of the Shuttle test station to a third shift plus maintenance for a full year, and the guidance, navigation
and control test station to a second shift for a full year is required to maintain the avionics verification activity.
Increases in the IBM effort to implement software changes consistent with the resolution of hardware anomalies, plus new
requirements have been added to the software baseline. The requirements in the on-orbit TPS inspection and repair
activity have been increased to accelerate the availability date for the hardware. Additional shifts have also been
added for simulator training to support the orbital flight test (OFT) program. In April 1980, a fire in the
extravehicular mobility unit (EMU) primary oxygen system occurred. This resulted in an extensive investigation of the
cause of the fire, and a redesign of the faulty system. The EMU program weas also impacted by the addition of two extra
space suit sizes, bringing the total from three to five sizes required.

BASIS OF FY 1982 ESTIMATE:

The OFT program using Orbiter 102 is planned to begin in the March of 1981 with the first manned orbital flight of
STS-1, and will continue through FY 1982. Major activities in FY 1982, therefore, will be the conducting of the
remaining OFT flights and the post flight data analysis. Each development flight is a test to support progressively the
verification of the Space Shuttle for operational use, to verify hardware and software operation, ground and flight
procedures, system characteristics over a range of conditions, primary and backup operational modes, and overall
performance. Flight test data on the systems performance will be reviewed after each flight and corrective action
taken, where necessary, to meet operational requirements. Throughout the development flight test program, engineering
support will be provided to perform this analysis, resolve problems, and verify systems operations. The FY 1982 efforts
will lead to the certification of the Space Shuttle's readiness to enter the operational phase. Engineering support
required for the OFT program will be the major activity during FY 1982. Remaining OFT certification testing and
analysis and life cycle testing will also be completed.

The completion of TPS ground testing and accumulation of repetitive tests to validate design mission life will take
place. It is planned to demonstrate a 400 equivalent mission capability to certify the TPS for the planned 100
operational missions. Considerable effort in FYy 1982 will be devoted to analysis of thermal data gathered during flight
testing, allowing refinement of actual margin determination and trajectory envelope capability.

In Fy 1982 the SAIL and FSL will be used to provide near real-time mission support. They will also be used to analyze
flight data, prepare analysis for post-flight reports, and to investigate flight anomalies. Specific avionics
verification programs will be conducted for each OFT mission to confirm the avionics operation with primary and backup
flight software in the new configurations. These include operations of the RMS, KU-band radar, and the tracking and
data relay satellite (TDRS). Flight support and post-flight analysis will be conducted for each subsequent orbital test

RD 1-9




flight. Testing and analysis of some specific mission operations involving vehicle maneuvering and extravehicular
activity will be conducted in the SAIL and FSL to verify the avionics system support of the mission plans. Avionics
equipment and flight software improvements will be incorporated during the OFT program and early operational flights.
The software deliveries are phased to be commensurate with avionics improvements and mission requirements. Each of
these improvements will also be verified on SAIL and FSL.

MAJOR PROGRAM ACTIVITIES PLANNED IN FY 1982:

e Conduct remaining OFT flights
e Continue support to OFT flights with engineering, data analysis, anomaly resolution, and incorporation of necessary

changes
e Delivery mission/mod kits for OFT flights
0 Complete Orbiter 102 hardware certification and operational life testing
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

bhin engine. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEETSR 140,600 145,700 134,000 127,000

OBJECTIVES ARD STATUS:

The Space Shuttle orbiter will use three high pressure liquid hydrogen/oxygen engines, each with a 2,100,000 newton

(470,000 - pound) vacuum thrust level. The Space Shuttle main engine (SSME) represents a major advance in propulsion
technology, and incorporates maximum utilization of existing technologies. |In addition, it has the advantage of a long
operating life. It is the first large liquid fuel rocket engine designed to be reusable, and will require minimum

maintenance between flights. An engine—-mounted controller is used to ensure operation within the limits of the high
temperatures and pressures in the combustion cycle. Performance has been increased by using a two-stage combustion
process with a high expansion ratio nozzle which results in more efficient engine operations.

In 1980 several engine problems were discovered. On July 12, 1980, a main propulsion test wes prematurely terminated
because of a hot gas burn-through in a fuel preburner wall. On July 23, 1980, after 47 tests and 14,210 seconds of
operation on one engine, including about 1,100 seconds at 109%of rated power level (RPL), several main injector LOX
posts failed. On July 30, 1980, an orifice in a thrust control sensing port failed resulting in significant damage to
some parts of the engine. To preclude future fuel preburner burn-throughs and orifice failures, modifications were
designed, developed, and tested. By November 1980, these modifications were incorporated in the three engines of the
first manned orbital flight vehicle (OV-102). Design changes to increase main injector LOX post life from 14,000
seconds to Ower 7.5 hours are being incorporated in the second set of flight engines along with all other full power
level (FPL) engines.
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Beyond resolving the technical problems encountered during 1980, significant progress was also realized in the
preliminary flight certification (PFC) program. Completion of this effort was required prior to STS-1. It consisted of
four cycles with each cycle requiring a minimum of thirteen specific tests with a total accumulation of 5,000 seconds of
engine operation. Using two engines (units 2004 and 0009), this effort was completed on December 2, 1980. Three cycles
were conducted at 100%of rated power level (RPL), and each cycle included one full duration test (520 seconds) at
102%. The fourth cycle was at 102%of rated power level. This last cycle also included one test at 104%. Together,
engines 2004 and 0009 through the four PFC cycles have accumulated over 52 tests and 20,000 seconds of operation.

After completing the second PFC, engine 2004 was subjected to test at 109%of RPL. It successfully completed a
demonstration program consisting of three mission cycles each simulating abort condition requirements at 109%. About
1,100 seconds at this thrust level were accumulated. Subsequently, during further testing at 102%, engine 2004
experienced the main injector LOX post failures described earlier. To that point, engine 2004 had accumulated 47 tests
and 14,200 seconds of operation.

Through November 1980, the main engine program had accumulated a total of over 660 tests and more than 95,000 seconds
of operation (including MPT). Included in the FY 1980 effort was the reacceptance testing of the first flight set,
engines 2005, 2006, and 2007.

In Fy 1981, continuing support will be provided for the orbital flight tests (OFT). This will include a full
complement of component and full engine test capability and analytical support for the flights. In addition to this
effort, development of the full power level (FPL = 109%of RPL) configured engine (units 2008 and subsequent) will
constitute the major thrust of the development activity.

In addition to the development and test work by Rocketdyne and subcontractors, the main engine activities provide the
necessary project support efforts. These include engineering, the procurement of propellants, the maintenance of the
engine systems hardware simulation laboratory, logistics support, and the evaluation of materials and processes.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 estimate for the main engine has been reduced by $11.7 million, primarily due to the decision to modify
only one of the three min propulsion test engines to conduct the full power level (109%) MPT test program. The other
two MPT-FPL engines will be production engines.

BASIS OF FY 1982 ESTIMATE:

During FY 1982, a full complement of support capability will be provided for the OFT. Single engine development
testing of the FPL engine will continue. It is expected that this development effort will demonstrate sufficient engine
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maturity that FPL certification testing can be initiated during FY 1982. Two main propulsion tests are also scheduled
inearly FY 1982 to demonstrate FPL operation of three engines in a cluster. Fy 1982 main engine funding will also
support the engine system simulation laboratory, engine software integration, and procurement of propellants for the
Santa Susana and NSTL test site activities.

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1982:

e Continue engine testing to achieve final flight certification at FPL
e Complete MPT = full power level testing
o Provide laboratory, test, and analytical support for the OFT program

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
External tank.........cocooooiiiiiiiiiiiii 79,400 48,000 54,500 25,000

OBJECTIVES AND STATUS:

The external tank (ET) will containall the propellants for the orbiter's three main engines = liquid hydrogen as the
fuel and liquid oxygen as the oxidizer. The liquid propellants are consumed by the orbiter's main engines from liftoff
to main engine cutoff, which occurs just before orbital insertion. Following the main engine cutoff, the ET will
separate from the orbiter and fall through a ballistic trajectory to break up over a designated remote ocean area. The
ET is a single assembly approximately 8.5 meters (27.5 feet) in diameter and 47 meters (154 feet) long. It will contain
approximately 700,000 kilograms (1.55 million pounds) of propellant at liftoff. The liquid hydrogen volume is 1,530
cubic meters (54,000 cubic feet) and the liquid oxygen volume is approximately 565 cubic meters (20,000 cubic feet).

During 1980, mating of the first flight tank (ET-1) with the S8's and the orbiter for STS-1 was completed. Final
preparations are now being made for the scheduled launch in March of 1981. The lightweight tank critical design review
(CDR) wes completed in November 1980, and manufacturing of the first lightweight tank has begun.

The second flight tank (ET-2) is in final checkout. Delivery of this tank to K is planned for April 1981. The

third and fourth flight tanks will be structurally assembled, the thermal protection system applied, and readied for
shipment to KC during 1981 and 1982.
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During FY 1981, a major engineering effort will be expended on the lightweight tank (LWT) design and manufacturing.
The goal of reducing the weight of the tank by 6,000 pounds will be achieved by optimizing the thickness of the basic
skin, ribs, and chords of the intertank, and the liquid oxygen and liquid hydrogen tanks.

In N 1981, efforts are also being undertaken to improve the producibility of the ET. The basic objective is to
develop new techniques and processes to build the ET more efficiently and more economically. Areas of activity include
improved welding techniques and an automated inspection system, an alternate foam material for the liquid hydrogen tank
aft dome, and improvements in tank priming, cleaning and protection.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The ET estimate for FY 1981 has increased by $6.5 million. This increase was caused principally by growth in the
efforts to prevent icing on protuberances, and the extension of the development hardware activities to support the
building of ET-2, ET-3, and ET-4, consistent with the delay in the STS-1 flight schedule and the extension of the
orbital flight test program.

BASIS OF FY 1982 ESTIMATE:

The fourth development tank will be in the final phases of assembly and checkout at the NASA Michoud Assembly Facility
with delivery planned for the first half of FY 1982. Producibility improvements in assembly and manufacturing
techniques will be continued during the year in order to reduce operational costs. LWT design activity will be
completed in N 1982, while flight support activities will continue throughout the year.

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1982:

Deliver last development external tank (ET-4)

Complete final ET installationat KSC for STS-3 and STS-4
Continue designs for producibility improvements

Provide engineering support to the OFT program

® ® @ O
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1981 1982
1980 Budget Current Budget
Actual Estimte Estimate Estimte
(Thousands of Dollars)

Solid rocket booster......cccovvviiiiiiiii i 65,200 14,000 44,500 17,000

OBJECTIVES AND STATUS:

The Space Shuttle propulsion system includes two reusable solid rocket boosters which burn in parallel with the
orbiter main engines at launch to provide the necessary thrust from liftoff to booster staging. Each solid rocket
booster weighs approximately 583,600 kilograms (1.29 million pounds) and delivers approximately 11.6 million newtons
(2.6 million pounds) average vacuum thrust. The solid rocket boosters are approximately 3.6 meters (12.2 feet) in
diameter, 45.5 meters (149 feet) long, and are attached to the external tank. After burnout, at an altitude of about 45
kilometers (150,000 feet), the boosters separate from the external tank. The solid rocket boosters will descend by
parachute and land in the ocean about 260 kilometers (140 nautical miles) from the launch site. They will be recovered
by ship and returned for refurbishment and reuse.

The main element in the solid rocket booster system is the solid rocket motor (SRM), which is being developed by
Thiokol, Wasatch Division, in Utah. Other booster system elements such as the recovery system, thrust vector control
(TVC), attach structures, forward and aft skirt, and separation motors are being procured separately. MSFC has the
responsibility for total systems integration of the solid rocket booster effort.

In 1980 the final qualification motor was successfully static test fired. This completed the DDT&E series of four
development and three qualification firings. Subsystem component qualification tests were completed to support the
STS-1 flight. The booster assembly contractor has been actively involved with the assembly and checkout of the booster
for STS-1.

All major ground tests for the SRB subsystems have also been successfully completed. These included overall TVC
systems tests, SRB/ET separation tests, parachute drop tests, full-scale structural testing, and electrical and
instrumentation systems testing. Propellant casting of the STS-3 flight motor segments, and the assembly of the STS-3
subsystems were also started during 1980. Solid rocket motor lightweight case components, which will increase the
payload capability of the Space Shuttle by approximately 600 pounds, have been hydro-tested to confirm the structural
integrity and seal capability of the clevis joints. The components have also been subjected to a burst test to obtain
biaxial stress and strain data.
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CHARGES FROM FY 19081 BUDGET ESTIMATE:

The SRB estimate for FY 1981 has increased by $30.5 million. This increase was caused primarily by the inclusion of
an SRM performance improvement program to provide for approximately 3,000 pounds of additional payload, as well as DDT&E
flight hardware delivery delays necessary to support the slipped development flight schedule.

BASIS OF FY 1982 ESTIMATE:

The assembly of flight hardware for STS-2 and STS-3 will continue through 1981. The booster assembly contractor will
also be involved with the refurbishment and checkout of recovered hardware from the STS-1 mission.

During FY 1982, the SRB contractors will continue with the assembly and checkout of the SRB's for the final two DDT&E
flights. Also, refurbishment and checkout of two flight sets of recovered hardware for reuse will be completed.

To provide for additional payload capability of approximately 3,000 pounds, the solid rocket motor performance
enhancement program will continue through FY 1982. The first improved operational motor is scheduled for launch in
1983. FY 1982 activities will include the continuation of design, fabrication, and testing of two qualification motors.
To improve producibility, new techniques and processes to build SRB components more efficiently will be undertaken.

MAJOR PROJECT ACTIVITIES PLANNED FOR FY 1982:

e Complete assembly and checkout of flight SRB's at KSC for the OFT program
e Complete qualification motor firings of the improved performance solid rocket motor
e Complete refurbishment of the first two OFT flight boosters
e Provide engineering support to OFT program
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Launch and landing.........cocoviiiiiinnnns 188,400 154,400 204,000 199,000
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OBJECTIVES ARD STATUS:

The Space Shuttle launch and landing project includes the preparation of a series of Space Shuttle landing, ground
processing, launch processing, and launch station sets at the Kennedy Space Center (KSC) and landing systems at the
Dryden Flight Research Center (DFRC) and their operation through the OFT phases. These station sets include handling
systems, testing systems, servicing systems, and ground support equipment (GSE). The launch control center (LCC) at KX
contains the heart of the computerized automated launch processing system (LPS), which connects to many of the station
sets for remote monitoring and control of the vehicle testing, servicing, checkout and launch processing. In addition
to the landing facilities at KC and DFRC, landing support facilities are planned for construction at the White Sands
Missile Range, New Mexico, to prwide a backup landing site for early OFT flights.

Activation of the various launch and landing station sets has been paced to match the flight hardware development,
certification, and readiness for flight. During FY 1980 the launch support team wes implemented at the level required
to support orbiter checkout in the orbiter processing facility (OPF) and to support final activation and checkout of
facilities needed for the first Shuttle flight. The Space Shuttle landing stations at DFRC and K and the OPF and LPS
at KC were activated in FY 1979, and were operational at the beginning of FY 1980. The mobile launcher, parachute
packing facility, propulsive element checkout area (for SRB, ET, SSME), and vehicle assembly stations in the VAB were
activated in the first quarter of FY 1980. A second firing room and LPS control set were activated in F¥ 1980 to allow
the development and checkout of ground test software in parallel with vehicle testing. During Fy 1980 facilities were
constructed at White Sands in order to handle the orbiter processing in event of landings at that site.

Delivery and installation of the required KSC STS-1 GSE wes completed during FY 1980. GSE spares have been
provisioned, processing fluids have been supplied to support checkout and testing, and initial propellants and flight
systems replacement spares are being accumulated for the first launch. At the pad, the fuel cell and hypergolic
propellant loading systems have been through the test certification phase and an ice protection and purge swing arm has
been installed. The remaining GSE is being implemented on schedule.

The major portion of launch and landing efforts involve the operation of the station sets and the processing and
launch of the flight hardware. The development contractors which prwide on-site launch support include Rockwell
International,, Martin- Marietta, United Space Boosters, Inc., and Thiokol.

The orbiter Columbia wes in processing in the OPF from its delivery to K in March 1979 until its rollout to the VAB
on Nwember 24, 1980. Columbia wes delivered to the VAB with a minimum of incomplete flight systems and TPS tile
installations and has since been undergoing manufacturing completion in parallel with systems testing. Most systems
have now been tested. Over 90%of all required qualification and certification tests have been performed. Final pre-
launch performance and integration tests are the primry effort remaining to be completed. The first flight ET wes
delivered in July 1979. Delivery of the first set of flight SRB hardware was completed during Nwember and December
1979. The ET, SRBs, and orbiter Columbia are now mated on the mobile launcher at the launch pad. The Shuttle interface
test (SIT) has been completed, and preparations are underway for the flight readiness firing, countdown and launch.
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In late FY 1980, NASA confirmed the decision to maintain the commitment for a first Space Shuttle launch in March 1981
despite the delay in the OPF rollout schedule. This decision wes announced following an.intensive program review. One
key element of the decision was to adopt a four-month work schedule utilizing a seven-day, three-shift operation for
those activities necessary from OPF rollout to launch. This work schedule has resulted in increased manpower
requirements for processing the vehicle for launch. From rollout on November 24, 1980, to the March 1981 launch date,
many employees involved with critical path work processing will be required to work high levels of overtime and
additional personnel are required beyond those projected in the ¥Y 1981 budget estimate to support the planned
activities.

After launch, the orbiter will land at DFRC, be deserviced, then mated with the carrier aircraft and ferried back to
KSC; there it will be inspected, repaired, and reprocessed including any necessary replacement of TPS tiles. The SRBs
will be retrieved and disassembled for refurbishment and reprocessing. Other flight elements will be processed for STS-

2 during N 1981, and work on the turnaround of Columbia will be completed. The second Shuttle launch is scheduled for
the fourth quarter of Fy 1981.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The launch and landing estimate has increased $49.6 million, primarily to support the compressed effort required to
process the Shuttle vehicle for launch. The compressed effort has increased the development and support contractor
funding requirements substantially. Work is being scheduled seven days, three shifts, rather than five days, two
shifts, as projected in the FY 1981 budget estimate.

BASIS OF FY 1982 ESTIMATE:

During FY 1982, the principal activities in the launch and landing project will focus on processing flight elements to
complete the OFT program. The fiscal year effort will include intensive activities supporting vehicle processing in the
OPF, VAB, and at the launch pad to test, checkout and launch STS-3, STS-4, and the first operational flight (STS-5).

The processing activity is supported by LPS operations, logistics, transportation, propellants, and spares
provisioning. There are also provisions for facility and equipment modifications and required changes through this
development period.

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1982:

e Perform element and space vehicle processing and launch for STS-3, 4, and 5
o Retrieve and refurbish reusable flight hardware from OFT flights
e Prepare for the transition to the operational mode
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CHANGES AND SYSTEMS UPGRADING

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Changes and systems upgrading ssssssssssssssssssssnnnnns == 150,000 —-— 300,000

OBJECTIVES AND STATUS:

Management, technical, and cost reviews of the Space Shuttle program have stressed the imperative need for providing
an adequate allowance for changes and modifications which inevitably are required in a large, complex, and technically
demanding space system.

The changes and systems upgrading budget represents the estimated requirement for potential changes and systems
modifications and unanticipated developments which are not included in the budget estimates for development and
production. Such funds are necessary to provide an adequate allowance for programmatic and technical changes which
result from Space Shuttle development ground and flight testing, and experience in the production phase. Those changes
include modification to the orbiters to improve flight performance and system reliability, changes and upgrading of
ground systems to reduce turnaround time between missions, and replacement/modification of hardware elements to achieve
increased operating economies.

As the changes and upgrading requirements are identified and approved, funds will be allocated to DDT&E or production
accordingly .

CHANGES FROM FY 1981 BUDGET ESTIMATES:

The changes and systems upgrading funds identified in the FyY 1981 budget have been reallocated to Shuttle DDT&E to
help offset the cost of changes and increased development requirements associated primarily with the delay in STS-1
launch schedule and the extended orbital flight test program. Other increased development requirements include the
acceleration of the on-orbit TPS inspection and repair capability, and resolution of certification testing problems in
the space suit and life support systems development.
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BASIS FOR FY 1982 ESTIMATE:

The funding requested for FY 1982 represents the estimated flexibility required to accomplish the anticipated
modifications which are likely to result from the initial flight tests and the potential changes to increase reliability
and operating efficiency. Changes and upgrading efforts include modifications to flight and ground systems; design and
development of hardware/software systems which meet requirements for imprwed safety, reliability, performance and cost-
effectiveness; and changes to flight and ground systems which will reduce operational costs by extending their
operational life, facilitating imprwed mission-to—-mission turnaround timelines, and achieving imprwed mission
performance margins. The estimate assumes a generally nominal orbital flight test program, out of which requirements
would arise for relatively minor ground and flight system modifications and improvements. Such changes and system
upgrading might include tandem elevon actuators to imprwe reliability; a redesigned rudder/speedbrake powerdrive unit ;
auxiliary power unit and fuel cell improvements; minor modifications to the main engines; and ground system imprwements
such as additional launch processing system checkout, control, and monitor subsystem hardware.
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PRODUCTION

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

OIblterieeerserssovsvorersonossossvsssosesonsssssnsnsonsas 572,600 768,200 727,500 873,000

OBJECTIVES AND STATUS:

The Space Shuttle production program is based on a national fleet of vehicles currently approved as four orbiters,
plus the maintenance of an option for a fifth orbiter. Three additional orbiter vehicles are now being procured in the
production phase. Orbiter 099, used in DDT&E as the structural test article, is being modified to an operational
vehicle while Orbiter 103 and Orbiter 104 are being manufactured as new vehicles. Orbiter 102, the DDT&E vehicle, will
also be modified to an operational configuration after completion of the orbital flight test program. During the past
year the majority of effort has been placed on subcontractor procurements for Orbiter 099. In Fy 1981, the effort will
be shared between Orbiter 099 and Orbiter 103 requirements.

The Orbiter 099 airframe has been demted, test instrumentation has been remwed, and major structural elements
returned to their respective contractors where they are well along in rework. The main structure consisting of the mid
and lower fuselage and wings is in rework at the Rockwell (RI) facility in Palmdale, California. A new crew module for
Orbiter 099 is being fabricated at the RI facility in Downey, California, and will be delivered to Palmdale for mating
with the lower forward fuselage in mid-1981. Secondary structures installation is proceeding, and TPS installations
were begun in September 1980.

Orbiter 103 long-lead procurements and detail parts manufacturing are underway at this time. Subcontractor fabrication
and assembly of major structural elements, including the wings, elevons, and mid fuselage, are underway. Orbiter 103
weight saver design engineering is also in process. Long-lead procurements for Orbiter 104 have been initiated. Long~-
lead titanium material procurements for Orbiter 105 are planned to be initiated.

With the signing of the follow-on production contract in FY 1980 for three production remote manipulator system (RMS)
units, the Canadian procurement and manufacturing activities have increased. The first production RMS flight system is
scheduled for delivery during the third quarter of FY 1982. The second and third flight units will begin manufacture in
late N 1981 and begin assembly in late N 1982.
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CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 current estimate has been reduced by $40.7 million. This reduction is due to several changes in the
phasing of planned production activities- This includes the delay in the planned increase in systems integration
efforts due to the continuing requirements in development and compatibility verification of the Vandenburg Air Force
Base (VAFB) facilities; the deferral of global positioning systems (GPS) effort; deletion of the procurement of eight
manned manuevering units (MMU); deferral of design reviews and system verification activities for Orbiter 099. The
funding has been reallocated to the Space Shuttle DDT&E program to help offset increased requirements resulting from the

extended orbital flight test program and the delay in the first operational flight.

BASIS FOR FY 1982 ESTIMATE:

Delivery of Orbiter 099 is scheduled in mid-1982, Orbiter 103 in late 1983, and Orbiter 104 in late 1984. During FY
1982, Orbiter 099 will be in the final assembly period at Palmdale. Final systems installations, mating, and TPS
installations will take place. Final checkout will be conducted and the vehicle will be delivered to K via the 747
carrier aircraft.

For Orbiter 103, the major effort in FY 1982 will be delivery and installation of major structural elements and
primary and secondary structures, the continuation of initial systems installations, and the initiation of TPS
installations. During FY 1982, detail parts manufacturing for Orbiter 104 will continue and structural assembly will be
initiated.

An intensive program is also underway, which will continue into FY 1982, to develop imprwed materials for thermal
protection systems on subsequent orbiters and for retrofit on Orbiter 102. Four areas of improvement which currently
are being studied are: addition of silicon carbide pigment to the basic silica tile, replacement of the low temperature
(white) tiles with a silica blanket, substitution of fiber reinforced ceramic (FRCI) tiles for the higher temperature

(black) tiles, and incorporation of an improved strain isolator pad (SIP).

Activity in production support areas will also continue in FY 1982. The authority to proceed on additional closed
circuit television (CCTV) equipment for production orbiters will be given later in 1981. Activity in FY 1982 for the
CCTV will be the manufacture and delivery of the first production unit. Procurement of follow-on RMS flight units from
Canada will continue in FY 1982, and the first follow—on unit will be delivered in mid-1982. The major effort in FY 1982
for the automatic checkout equipment (ACE) will be the initiation and completion of checkout of Orbiter 099 at Palmdale
prior to delivery. Software development for later flights will continue in FY 1982 and will include changes resulting
from OFT and other operational mission unique payloads. The initial phase of the acquisition and first use of the
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software production facility (SPF) will take place in FY 1982. The SPF is required to support the operational software
requirements and will produce a flight software package for each operational flight. The SPF acquisition is planned for
completion in N 1986.

Long-lead component and subsystem procurements and purchase of titanium material will be made during FY 1982 to
maintain the option for a fifth orbiter vehicle if continuing studies indicate the need for an additional orbiter.

MAJOR PROGRAM ACTIVITIES PLANNED FOR FY 1932:

e Complete assembly, test, checkout, and delivery of Orbiter 099
® Continue manufacture of Orbiter 103

= delivery of major structural elements

= installation of primary and secondary parts

= continuation of initial systems installation

= installation of TPS

® Continue detail part manufacturing and initiate assembly of major structural elements for Orbiter 104

e Development of improved TPS for operational vehicles

e Procurement of follow-on RVS units

e Procurement of long-lead material for a fifth orbiter

e Delivery of CCTV equipment for Orbiter 099

® Begin software production facility acquisition and use

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Miin engineesveseoseertosetrsooosesesrsasssosrsssessassns 123,600 121,500 121,500 105,000

OBJECTIVE AND STATUS:

The Space Shuttle main engine (SSME) design and development effort through FY 1980 has progressed in expanding the
SSVE operating envelope from the FMOF configuration engine (100%RPL) to the full power level (FPL) engine (109% RPL).
The production budget provides the material procurement, fabrication and assembly operation necessary to support the
orbiter fleet with FPL engines. The first production (FPL configuration) engine was assembled in late F¥ 1980. From
materials procurement to final main engine assembly covers a time span of about 42 months. Then another few months are
required for shipping to NSTL, test stand installation, acceptance testing, final checkouts and inspections before
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delivery to KSC. In FY 1982, the materials procurement, fabrication and assembly operations necessary to support the
orbiter production and flight schedule will continue. Current analyses indicate that to meet these Shuttle program
requirements through 1985, a production flow of about one completed engine every four months is near optimal.

BASIS OF FY 1982 ESTIMATE:

FY 1982 funds are required to continue the fabrication and assembly of FPL configuration flight engines. Component
deliveries such as main injector, turbopumps, main combustion chamber parts, etc., will be phased to support the
fabrication and assembly operations. Fabrication and assembly of engines for installation into Orbiter 103 will be
completed and the engines for installation into Orbiter 099 will be acceptance tested during FY 1982. The fabrication
of components for the completion of engines for subsequent Orbiters will be phased throughout FY 1982 to meet the
assembly requirements and planned delivery dates in succeeding fiscal years. After assembly, each engine is transported
to NSTL for acceptance testing. This effort requires logistics, evaluation and analysis support.

JOR PROJECT ACTIVITIES [ IN PY 1982:

e Assemble engines to outfit Orbiter 103
o Acceptance test flight engines for Orbiter 099

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimte

(Thousands of Dollars)

Launch and landing...........cccooviiiiiiiininnnnn. 16,400 40,400 34,000 57,000

OBJECTIVES AND STATUS:

The first line of facilitiesat KSC supports the launch processing and checkout of one orbiter vehicle through launch
and landing. W the second orbiter vehicle is delivered there must be additional ground and launch support equipment
installed as "second line facilities' to allow processing of two to three orbiters simultaneously. Included in the
second line facilities is a second high bay in the OPF, a second set of high bays in the VAB, a second mobile launch
platform (MLP), a second launch pad, and a solid rocket motor processing facility. Procurements are being initiated on
long—1lead items of ground support equipment (GSE), some requiring as much as two years lead time. System engineering
effort is required to ensure the orderly activation of facilities and implementation of changes to specifications,
drawings, and documentation that have occurred during first line activation efforts.
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CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 current estimate has been reduced by $6.4 million by deferring the operational readiness date for OPF-2 by
approximately six months, consistent with the extension of the OFT program and the delay of three months in STS initial

operational capability .

BASIS OF FY 1982 ESTIMATE:

The thrust of the FY 1982 effort will be to design, install, check out, and validate the second line of GSE and
facilities in support of orbiter deliveries.

The installation contract on the second OPF high bay and all GSE procurement deliveries will be completed during FY
1982. Effort will then be directed toward final hookup, checkout, and validation to support prelaunch orbiter

processing no later than September 1, 1982.

Construction of the basic second mobile launcher platform was completed in 1979. Numerous design modifications
required on the first MLP will be incorporated on MLP-2. The installation contract will be completed during the year as
well as the final hookup of the launch processing system and GSE. All systems will be checked out and validated in
preparation for the September 1982 operational readiness date (ORD).

GSE for the second set of vehicle assembly building high bays will be procured during FY 1982 and installation will
begin.

Although the operational readiness date for the pad is in FY 1985, intensive effort must begin in FY 1982 to initiate
installation plans and long-Ilead procurements for GSE. A major effort will be to update the design for Pad B. Design
work will be done on the installation contract required to lay out the procedures for installing the GSE at the Pad.
Among the many items of GSE to be procured and fabricated, some major GSE procurements for the Pad will be the GOX vent
arm, the ET vent arm, the orbiter access arm, and initial procurement for the payload ground handling mechanism (PGHM).

The major effort in the launch control center (LCC) during FY 1982 will be to develop the launch processing system
(LPS) software production facility. Long-lead procurements will begin in FY 1981. Additional procurements must be made
in FY 1982 and automation development work must be intensified. Firing Room 3 in the LCC will be modified and activated
for DOD missions requiring secure launch operations, and Firing Room 2 will be modified to provide launch precessing
system software production capability. Completion in 1983 is required to support projected launch rates.
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Within the last five years, evidence has accumulated indicating that the processing of SRB segments in the VAB poses
more of a safety hazard than wes originally envisioned. Various studies and hazard analyses have shown that the
inadvertent ignition of an SRB segment in the VAB might be catastrophic in terms of loss of life and major damage to
shuttle flight hardware and to the VAB itself. The actual inadvertent ignition of a swen-foot diameter segment at
United Technologies Corporation (UTC) in 1979 has shown that such an ignition is possible, as well as sympathetic
ignition of other segments. The risk to personnel, flight hardware, and the VAB can be reduced by removing as much SRB
segment processing and storage from the VAB as is practicable. Construction in FY 1982 is proposed for a dedicated
facility for SRB processing, to include the off-loading, inspecting, and building up of aft segment activities. Funds
for these facilities are included in the Construction of Facilities budget. Procurement of hardware and equipment to
operate the facility will be initiated in N 1982 within this Research and Development budget to support these SRM
operations. Continued engineering and design analyses are required to define the damages that would result from
inadvertent SRM ignition in the VAB during solid rocket booster stacking operations. Definition of the hazardous
environment will result in identification of potential facility and equipment modification/additions to be initiated

during N 1982.

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1982:

Prepare OPF-2 to support prelaunch Orbiter processing by September 1, 1982

o}
e Prepare MLP-2 for September 1982 ORD
o Update the design for Pad B
o Securing Firing Room 3 for DOD missions
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Spares and equipment...........coocoiiiiiiiiininennnn 42,900 109,900 102,000 155,000

OBJECTIVES AND STATUS:

Logistics support to the Space Shuttle program requires an initial lay-in of spares adequate for replacement of
Shuttle components as they fail in use. Failure rate for each item and the turnaround time for item repair are two
significant factors in determining the quantity of initial spares to be procured. |Initial spares are considered as an
investment in program capability to reach the flight rate and processing time required by the operational mission model.
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Initial spares include primarily line replaceable units (LRU’s), or those for which the optimum maintenance action is
removal from the vehicle and replacement. In some cases, economic analysis supports providing initial spares at the
shop replaceable unit (SRU) level as well. The initial spares funding line includes costs of flight spares, GSE spares,
and the logistics support analysis to properly estimate and procure these spares.

Tooling modifications required to accomodate the lightweight External Tank (ET) configuration continues both at the
Michoud Assembly Facility and at the subsystem hardware vendor facilities. Also, a number of major weld and thermal
protection system (TPS) tooling procurements required to achieve higher ET build rates are being initiated. Tooling
modifications to accomodate higher build rates are continuing at the SRM subcontrator facilities and at KSC for the SRB
subsystem hardware. Crew equipment provides for the certification and verification of the life support system (LSS) and
extravehicular mobility unit (EMU, or space suit).

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The initial lay-in of spares, planned in the FY 1981 budget estimate, supported an earlier operational flight
schedule. The FY 1981 current estimate has been reduced by $7.9 million by delaying life support systems (LSS) and
space suits planned procurements until FY 1982, and by a rephasing of SRB and ET tooling capabilities to meet the
present flight schedule.

BASIS OF FY 1982 ESTIMATE:

Due to the production and procurement lead-times, funding in FY 1981 supports a flight plan of eight operational
flights in FY 1982 and Fy 1983. These lead-time procurements in FY 1982 are necessary to support the FY 1984 flight
rate requirement and the concurrent preparation for increased launch site capability through the second line of GSE
spares. Crew related items will also be produced and will result inan EMU space suit inventory of ten training and
thirteen flight suits at the end of FY 1982, with all five sizings having at least three suits. This inventory plus the
life support system and related spares will support flight and backup crew needs for training through STS-8 and flight
through STS-7. Tooling modifications to accomodate higher hardware build rates will continue at ET and SRB prime
contractors and subcontractor facilities. A number of external tank weld fixtures and TPS applicator tools will be
installed at the Michoud Assembly Facility during FY 1982, leading toward achievement of a production capability of 24
tanks per year.
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SPACE FLIGHT
OPERATIONS




RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE FLIGHT OPERATIONS PROGRAM

IMVARY OF RESOURCES REQUIREMENTS

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate No .

(Thousands of Dollars)

Space transportation systems operations

capability development............... 54,100 79,000 81,000 146,200 RD 2-3
Development, test and mission SUPPOrt.. sussssssnssnnnns 172,600 183,500 183,500 184,000 RD 2-15
Advanced pPrograms.......cccoeveiiiiiiieniaeninenns 13,000 8,800 8,800 10,800 RD 2-20
Spacelab........ 58,800 149,700 139,700 140,700 RD 2-22
Space transporation system operationsS.. ssssssssssssnnns 148,100 346,500 270,700 561,300 RD 2-24

Total..ooooii 446,600 767,500 683,700 1,043,000

Distribution of Program Amount by Installation:

Johnson Space Center........cocoevviiviiiiiennnns. 143,461 208,300 174,800 237,300
Kennedy Space Center.........cocovviiviniiinnnnann. 86,601 138,500 102,400 112,200
Marshall Space Flight Center.. ssssssssssssssssssnssnnns 200,812 397,300 387,200 663,100
National Space Technology LaboratOrieSsssssssssssnnnnns 5,800 5,200 5,000 5300
Goddard Space Flight Center sussssssssssssssnnnnnnnnnnns 5,143 7,100 5,500 3,800
Jet Propulsion Laboratory.... sssssssssssssssssssssssnss 55 200 - —_—
AT Research Center...oooviviiiiiiiiiiiiiiens - _— _—— ——
Langley Research Center.........cccocvviiiiiiiiiinnn. === 100 —_— —_—
Lewis Research Center.......ccooovvviiiiiiiiiinnnnns -—- _— _— —
Headquarters....................... 4,728 10,800 8,800 21,300

Total.. ..o 446,600 767,500 683,700 1,043,000
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE FLIGHT OPERATIONS PROGRAM

PROGRAM OBJECTIVES ARD JUSTIFICATION:

The Space Flight Operations program includes Space Transporation System Operations Capability Development; the common
support activities conducted under Development, Test and Mission Support; Advanced Programs; Spacelab ; and Space
Transportation System Operations.

Space Transporation Systems (STS) Operations Capability Development provides for space transporation system
development activities other than the Space Shuttle. These development and support activities are necessary for the
orderly transition to STS operations. Principal areas of activity include the STS Upper stages, Multimission and
Payload Support Equipment, Mission Control Center Upgrading (Level 11), Payload and Operations Support, Performance
Augmentation, Solar Electric Propulsion System, and STS Operations Effectiveness.

Development, Test and Mission Support provides the common engineering, scientific and technical support required at
the Johnson Space Center, the Kennedy Space Center, the Marshall Space Flight Center, and the National Space Technology
laboratories for space transporation systems research and development activities.

The advanced program effort prwides technical as well as programmatic data for the definition and evaluation of
potential future space missions and systems. In support of this effort, advanced development activities are conducted
to provide a basis for obtaining significant performance reliability improvements and reducing future program risks and
development costs through the effective use of new technology.

The Spacelab is a major element of the Space Transportation System. The program is being carried out jointly by NASA
and the European Space Agency (ESA). NASA’s support of ESA"s Spacelab development effort includes development of
support equipment not provided by ESA. Other activities include procurement of flight hardware and system activation
activities which assure Spacelab compatibility with the orbiter leading to an operational capability.

Space Transportation System Operations will provide the transportation services and operational activities to bring
about a new era in capitalizing on the unique advantages of space to achieve expansion of human knowledge and practical
benefits on Earth. The Space Transportation System Operations activities integrate the Space Shuttle system, the
Spacelab, and the Upper Stages into a versatile and economical system; accomplish mission planning; provide the
operational recurring hardware and consumables; and support all launch, flight, recovery, crew and related activities.

RD 2-2




BASIS OF FY 1982 FUNDING REQUIREMENTS:

SPACE TRANSPORTATION SYSTEMS (STS) OPERATIONS CAPABILITY DEVEL.OPMENT

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate NoO »
(Thousands of Dollars)
Space transportaion system upper StagesS.. ssssssssssssss 18,300 29,000 31,000 60,000 RD 2-5
Multimission and payload support equipment.. ssssassasss 9,600 13,000 16,500 17,700 RD 2-7
Mission control center (MCC) upgrading (Level II). ansus 12,900 15,800 15,800 24,800 RD 2-9
Payload and operations SUPPOrt.. sssssssssssssssssssnsss 10,900 11,200 7,700 10,700 RD 2-10
Space transportation system operations effectiveness.. . === —— —_— 10,000 RD 2-11
Solar electric propulsion system....................... -—= _— 7,000 18,000 RD 2-12
Performance augmentation studiesS.. sssssssssssssssssnnns 2,400 10,000 3,000 5,000 RD 2-13
Total..oooi 54,100 79,000 81,000 146,200

OBJECTIVES AND STATUS:

The Space Transportation Systems Operations Capability Development activity includes seven major areas of effort:
Space Transportation Systems Upper Stages; Multimission and Payload Support Equipment ; the Mission Control Center (MCC)
Ugrading (Level I1); Payload and Operations Support; Space Transportation System Operations Effectiveness; Solar
Electric Propulsion System, and Performance Augmentation. The STS Upper Stages currently under development consist of
the Inertial Upper Stage (IUS) and the Spinning Solid Upper Stage (SSUS). They are expendable, propulsive stages
required to prwide the capability to deploy Shuttle-launched payloads to high energy orbits not attainable by the
Shuttle alone. The IUS, being developed under a Department of Defense contract, is a multistage, solid propellant
expendable vehicle to become operational on the Titan in 1981 and on the STS in late 1982. Because of recent problems,
including revised contractor cost estimates, plans for this upper stage are currently under review. The Spinning Solid
Upper Stages (SSUS), being developed by the McDonnell-Douglas Corporation as a commercial venture, are spin-stabilized

solid propellent expendable upper stages, sized for Delta and for Atlas—Centaur class payloads, to be launched into
geosynchronous orbit.
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Multimission and Payload Support Equipment consists of ground and flight hardware used for interfaces between the
payloads and the Space Transportation System, as well as test equipment to verify payload integration compatibility.
This class of hardware will be developed into a standard, reusable inventory for a variety of payloads.

The Mission Control Center (MCC) Upgrading (Level 11) is the reconfiguration of the Johnson Space Center Mission
Control Center to support the STS operational flight schedule requirements. Level IT will provide additional hardware,
equipment, and software to upgrade the MCC to provide the capability to support two simultaneous orbiter missions, a
ground test or simulation network, dual launch site interfaces, and Spacelab and IUS systems monitoring and flight
control.

The payload and operations support activity consists of two major efforts; Orbital Flight Test (OFT) Payload
Integration and the Payload Operations Control Center (POCC). The Orbital Flight Test Payload Integration provides for
the integration of payloads on the OFT flights. The POCC, to be located at the Johnson Space Center, will provide
facilities for command and control of Shuttle/Spacelab attached payloads.

STS operations effectiveness involves developing ways to improve the operational performance of the STS in the
following areas: vehicle hardware, vehicle turnaround/cargo processing, system software automation, mission operations,
and management procedures. These areas will be analyzed to identify candidate improvements for funding priority.

The Solar Electric Propulsion System (SEPS) is an ion propulsion upper stage which will be used to enhance the
capabilities of the Space Transportation System (STS). SEPS is designed for high energy planetary missions to reduce
trip time and/or increase the amount or size of scientific instruments carried on board the spacecraft. Performance
augmentation studies will continue to look at improved Shuttle performance capability options. Improved performance is
necessary for certain missions flying out of Vandenberg Air Force Base (VAFB) and to accomodate new payloads and new
space utilization concepts.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The STS operations capability development estimate changes are explained within each project.

BASTS FOR FY 1982 ESTIMATES:

Fy 1982 funding for the Multimission and Payload Support Equipment is required for development, initial testing and
orbiter installation of Multimission and Payload Support Equipment such as the self-contained payload containers,
mission kits and payload specialist station. Testing of the trace gas analyzer and the first set of cargo integration
and test equipment will be completed. Fy 1982 funds will also provide for the continued design of the mixed cargo
hardware and cargo integration and test equipment dual capability.
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Upgrading the Mission Control Center (Level II) will continue during FY 1982, with accomplishment of the three—vehicle
design review and achievement of the single operations capability. Funds will be required for procurement of hardware
including communication interface equipment.

Reconfiguration software development, as well as design, checkout, and testing of the trajectory, telemetry and
command software systems will continue.

FY 1982 funds will be used to continue to work toward the completion of the checkout and testing of the POCC in
support of the operational flight schedule requirements and for operation of those parts of the POCC which will support
the orbital flight test mission payloads. Orbital Flight Test Payload Integration funding in FY 1982 is required for
the integration and handling of payloads for the OFT missions in 1982.

Fy 1982 funding will be used to initiate design and development of improvements to the Space Transportation System to
achieve operational and cost effectiveness. Areas currently identified include standardized payload interfaces, upper
stage facility pathfinders, improvement of the cargo integration test equipment, and rotating service structure
interface, systems software automation, and various vehicle hardware improvements. 1In addition, funds will be used for
studies which focus on efficient and cost effective modes of operating the Space Transportation System.

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimte

(Thousands of Dollars)

Space Transportation System (STS) Upper StagesS.. assusss 18,300 29,000 31,000 60,000

OBJECTIVES AND STATUS:

The STS upper stages are required to deploy Shuttle-launched payloads to orbits not attainable by the Shuttle alone.
These stages are the Inertial Upper Stage (IUS) and the Spinning Solid Upper Stages (SSUS).

The IUS is being developed under a Department of Defense contract, to meet upper stage requirements for heavy payloads
to be placed in high Earth orbit with a modified version being developed to meet planetary mission requirements. The
plans and possible options for meeting planetary mission requirements are presently under review, primarily because of
revised cost estimates recently received from the contractor. This review is expected to be completed in early 1981.

The IUS payload capability exceeds the capability needed by many geosynchronous payloads using today's expendable
launch vehicles. The SSUS is being developed commercially for these smaller payloads in two weight classes. The Delta
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class, SSUS-D, will be capable of injecting up to 2,750-pound payloads into geosynchronous transfer orbit. The Atlas-
Centaur class, SSUS-A, will be capable of injecting 4,400-pound payloads into the same orbit. Spacecraft apogee motors
place the spacecraft (1,400 and 2,250 pounds respectively for SSUS-D and SSUS-A) into final geosynchronous orbit. The
SSUS-A and SSUS-D offer launch economies to the user community. These relatively low cost upper stages have simple
physical and functional interfaces for payloads and facilitate an early and orderly transition from the current
expendable launch vehicles to the operational STS. Two SSUS-A's or four SSUS-D's with their spacecraft can be flown on
a single Shuttle flight. As a result, the launch costs to the user can be significantly reduced. The SSUS emphasis is
on servicing the commercial spacecraft user and his requirements.

The commercial development of the SSUS-A and SSUS-D by the McDonnell Douglas Corporation is proceeding on schedule to
meet anticipated launch requirements. The design has been completed and critical design reviews accomplished.
Materials and components have been procured, and most elements are manufactured and ready for assembly. SSUS-D motor
development and qualification has been completed. Testing to determine the spacecraft vibration environment induced by
SSUS-A motor burn and means for suitable attenuation were completed in September. The qualification program has been
the principal SSUS development activity during 1980 and will continue through FY 1981. A Satellite Business System
spacecraft was successfully launched in November 1980 on board a Delta expendable launch vehicle utilizing a Delta
payload assist module (which is the SSUS-D configuration used with the Delta expendable launch vehicle).

CHANGES FROM FY 1981 BUDGET ESTIMATES:

The current N 1981 estimate is based on the requirement for continuing the IUS development as understood at the
beginning of FY 1981. Increases Owver the FY 1981 budget estimate resulted from continued IUS development problems and
design changes, primarily, the design change requirement for three—axis stabilization of the IUS third stage versus the
spin stabilization baseline plan for NASA planetary missions. As a result of a recent revision of estimated costs by
the development contractor, plans for the IUS and possible alternatives for high energy missions are under review.
Results are not expected until early 1981.

BASIS OF FY 1982 BUDGET EST

FY 1982 STS upper stages funding is required to support the development of a NASA-unique capability. The FY 1982
estimte of $60 million is based on requirements for continuing the IUS development and specific plans and requirements
will be subject to the results of the review currently in progress.
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1981 1982
1980 Budget Current Budget
Actual Estimte Estimate Estimte
(Thousands of Dollars)

Multimission and Payload Support equipment.. sssssssssns 9,600 13,000 16,500 17,700

OBJECTIVES AND STATUS:

Multimission and payload support equipment consists of equipment required to integrate and check out payload elements,
and a class of ground and flight hardware that will provide an interface between payloads and elements of the Space
Transportation System (STS). These requirements can be satisfied more economically from a standard equipment inventory
than by individual payload users. This reusable equipment is being developed to integrate, check out, transport, and
operate a wide range of applications, science, and technology payloads.

Examples of this type of standardized equipment are:

(1) Payload Transportation Equipment: Intrasite payload equipment is being developed for use at the launch site to
transport cargoes to and from the Shuttle orbiter. Ground and flight transportation equipment will also be used for
cross—country transportation of payloads (regular and outsized) to and from the Kennedy Space Center and the Western
Space and Missile Center.

(2) Payload Specialist Station Equipment: This equipment is required to conduct payload operations from the
orbiter's aft flight deck. A concept utilizing existing technology has been defined and will satisfy the majority of
payload functional commnd and display requirements, as well as mixed cargo integration and operations on early STS
missions. This approach will minimize the need for payload-unique equipment and operational changeout time.

(3) Mixed Cargo Support Equipment: This equipment will provide maximum flexibility for mixing cargoes in the orbiter
bay, as well as decreasing installation and checkout time. The use of identical equipment for different payload
configurations will allow simple crew interface and training. Examples of this equipment include standard cable
harnesses which will allow command and data feedback simultaneously for up to four payloads in the orbiter cargo bay;
and timing buffers which will provide various time signals to the Shuttle-attached payloads while they are active.

(4) Flexible Multiplexer/Demultiplexer: The flexible multiplexer will combine the orbiter data stream and up to five
separate payload telemetry or command data streams into a single output signal. The function of the flexible
demultiplexer is to separate the combined data signal, either telemetry or command, back into the appropriate orbiter or
payload data streams.

RD 2-7




(5) cCargo Integration and Test Equipment (CITE): This equipment is used to integrate and check out payload elements
as they are assembled into a complete cargo to be flown on the space transportation system. CITE will verify the
compatibility of the cargo to Shuttle interfaces, and assure that cargo elements do not interfere with each other.

(6) Trace cas Analyzer: The trace gas analyzer system will perform in-flight monitoring of the aggregate
""offgassing’ constituents from payloads and metabolic sources in the Spacelab pressurized module. Its primary
subsystems consist of a gas chromatographic column to detect the presence of an atmospheric substance and a mass
spectrometer to measure the concentration of each of the atmospheric constituents.

(7) Mission Kits: The mission kits consist of standard and optional flight hardware designed to extend the
capabilities of the payload and orbiter to support the mission as dictated by the payload requirements. Examples of
these items are self-contained payload containers and nitrogen tanks.

In 1981, manufacture of multimission and payload support equipment such as the intersite transportation equipment and
the trace gas analyzer will be completed. Other activities include activation of the first set of cargo integration and
test equipment; initial design and development of the dual CITE capabilities; continued design of the mixed cargo
hardware, mission kit equipment and the self-contained payload containers; and continued development of the payload
specialist station.

CH FROM FY 1981 BUDGET ESTIMATE:

The multimission and payload support equipment estimate for FY 1981 has been increased because of the rebaselined
trace gas analyzer system, the increased requirements of the basic and dual cargo integration and test equipment, and
student experiments.

BASIS OF FY 1982 ESTIMATE:

FY 1982 funds are required for development, initial testing and orbiter installation of multimission and payload
support equipment such as the self-contained payload containers, mission kits, and payload specialist station. Testing
of the trace gas analyzer and the first set of cargo integration and test equipment will be completed. FY 1982 funds
will also provide for the continued design of the mixed cargo hardware and cargo integration and test equipment
capability «
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1981 1982
1980 Budget Current Budget

Actual Estimate Estimate Estimte
(Thousands of Dollars)

Mission Control Center (MCC) Upgrading (Level 11).auuus 12,900 15,800 15,800 24,800

OBJECTIVES AND STATUS:

Mission Control Center (MCC) Upgrading (Level I1) is the reconfiguration of the Johnson Space Center (JSC) Mission
Control Center to support the STS operational flight schedule requirements. Flight-to-flight reconfiguration of the MCC
must be automated to support the flight rate. MCC Level I, funded under the Shuttle development program, provides
hardware and software to configure the MCC to support Shuttle development flights. The MCC during the operational era
will require additional flight control rooms, support rooms, hardware and software to accommodate two simultaneous
orbiter missions, a ground test or simulation network, dual launch site interfaces, and Spacelab and IUS systems
monitoring and flight control.

Upgrading the Mission Control Center (Level 11)at JSC will continue in Fy 1981 with the completion of detailed

systems design for dual vehicle command and control. Development and implementation for dual vehicle command and
control will progress towards initial operational capability. Development completion and initial testing of the flight
planning system 11, consisting of flight design and crew activity planning elements, will be achieved in support of

early flight rate requirements.

BASTS FOR FY 1982 ESTIMATE:

Upgrading the Mission Control Center (Level II) will continue during FY 1982, with accomplishment of the three-vehicle
design review and achievent of the single operations capability. Funds will be required for procurement of hardware
including communication interface equipment.

Reconfiguration software development, as well as design, checkout, and testing of the trajectory, telemetry, and
command software systems will continue.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Payload and Operations Support. ... sassssssssnnnnnnnnns 10,900 11,200 7,700 10,700

OBJECTIVES AND STATUS:

The Payload and Operations Support activity consists of two major areas of effort: Payload Operations Control Center
(POCC) and Orbital Flight Test (OFT) payload integration.

The POCC, to be located at the Johnson Space Center (JSC), will provide for command and control of attached payloads
that operate in the Shuttle and Spacelab. It will operate in conjunction with the JSC Mission Control Center. Funding
is required for the acquisition of computers, displays, communication links, and associated software.

In Fy 1981, development of hardware and software systems for the POCC at JSC will continue in order to allow payload
command and control and some real-time data review and analysis, and analytical integration activities will be completed
for the orbital flight test payloads.

The OFT payload integration provides for the integration of payloads on the OFT flights. The activities include
management integration such as planning, scheduling, and coordinating all elements; interface definition in
environmental, structural and thermal areas; safety analysis; hardware integration; flight support; and dwelopment of
the interface control document. The FY 1981 funds will continue to support conceptual flight planning, launch site
planning, and thermal and loads analysis for payloads to be flown on the Shuttle orbital flight test missions.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The POCC estimate for FY 1981 has been rephased to be consistent with the current launch readiness date for Spacelab-
2. The operation management support studies were deleted from the FY 1981 budget.

BASIS OF FY 1982 ESTIMATE:

Fy 1982 funds will be used to continue to work toward the completion of the checkout and testing of the Payload
Operations Control Center in support of the operational flight schedule requirements and for operation of those parts of
the POCC which will support the OFT mission payloads. OFT payload integration funding in FY 1982 is required for the
integration and handling of payloads for the OFT missions in 1982.

RD 2-10




1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Space Transportation System Operations Effectiveness.. . - _— —_— 10,000

OBJECTIVES AND STATUS:

Effective utilization of the space transporation system (STS) is necessary to meet future operational requirements and
to provide services at the lowest cost possible. Effective utilization is advanced through analysis, design, develop-
ment, and procurement activities dedicated to improving the capability and overall performance of the STS. Significant
potential exists for improvement of operational performance of the STS in the areas of vehicle hardware, vehicle
turnaround/cargo processing, system software automation, mission operations, and management procedures. Improvement
will be accomplished by taking advantage of advances in electronics, electromechanical devices, propulsion, logistics,
software, vehicle processing, and management techniques.

Beginning in 1982, STS operations effectiveness will identify improvements to vehicle hardware and the existing
operational procedures/policies and will implement efforts toward achieving operational effectiveness. The
aforementioned areas in which improvements in effectiveness would potentially benefit the STSwill be analyzed to
identify areas for funding priority.

BASIS FOR 1982 ESTIMATE:

FY 1982 funding will be used to initiate design and development of improvements to the STS to achieve operational
effectiveness. Areas currently identified include standardized payload interfaces, upper stage facility pathfinders,
imprwement of the cargo integration test equipment, and rotating service structure interface, systems software
automation, and a list of approximately fifty vehicle hardware improvements. In addition, funds will be used for
studies which focus on efficient and cost effective modes of operating the STS.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Solar Electric Propulsion System...........cc.......... - _— 7,000 18,000

OBJECTIVES AND STATUS:

The Solar Electric Propulsion System (SEPS) is an upper stage to be used to augment the capabilities of the space
transportation system (STS). The SEPS converts solar energy into ion propulsion for a major advance in space
propulsion. SEPS is required for a range of advanced planetary and Earth orbit missions. Planetary missions will
benefit from SEPS capabilities in terms of improvements in flight trajectories, long duration maneuvering capabilities
€or rendevous with planets and other bodies of the solar system, and from a widening of launch windows which currently
limit the conduct of planetary missions. The SEPS will also provide a major increase in capabilities for transportation
to a geosynchronous orbit.

The technology supporting SEPS has been in development since the late 1960's. Key elements such as the solar arrays,
power processors and ion thrusters, have been tested and demonstrated to meet performance and weight objectives. Life
tests are progressing well and will continue for approximately another year.

The FY 1980 competitive studies, funded in the advanced programs area, have established baseline configurations
required to meet mission requirements, and have identified critical design characteristics, and potential problem

areas. These program definition studies will be completed in early FY 1981 and will establish implementation plans and
requirements. The program will proceed into the development phase in FY 1981. A request for development proposals will
be issued, a single contractor will be selected, and initial development activities will be started in FY 1981.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 current estimate of $7.0 million reflects Congressional action to provide funds to permit undertaking SEPS
detail design and development in Fr 1981.
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BASIS OF FY 1982 ESTIMATE:

The FY 1982 funding will provide for continuation of the SEPS development activities on a schedule paced to support
initial flight readiness in 1986. Fy 1982 funding continues the system and subsystem design process, procures long lead
time hardware and materials, finalizes spacecraft—-to-SEPS, and SEPS-to-STS interfaces requirements. The system require-

ment review will be conducted in FY 1982 and the preliminary design review will occur in late FY 1982 or early 1983.
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Performance Augmentation Studies....................... 2,400 10,000 3,000 5,000

OBJECTIVE AND STATUS:

As Shuttle development has progressed, it has become clear that the required payload capability may not be sufficient
for certain important missions to be launched primarily from the Vandenberg Air Force Base (VAFB). This deficiency
results primarily from increases in orbiter weight as a result of design and equipment changes. Approved payload
programs scheduled for early STS operational flights from VA can be accommodated by the Shuttle with currently
projected performance capability by limiting certain single payloads to that capability, by restricting the total cargo
weight for multiple payload missions, and by limiting the experiment weights and/or durations of Spacelab missions.
However, these limitations reduce cost effectiveness and prevent full utilization of the design potential of the STS and
its new and unique capabilities. Additional performance is necessary to ensure that the full STS payload deployment
capability of 32,000 pounds and retrieval capability of 25,000 pounds can be achieved for the 98 degree inclination, 150
nautical mile circular mission launched from VAFB. The current projected capability is not sufficient to perform this
mission. Consequently, it is important to the future national space capability that performance augmentation be de-
veloped and made available to support payload requirements which exploit the full capability of the STS. The FY 1982
estimate will permit augmentation of STS to meet all design and performance requirements and offers the potential to
accommodate payload growth, new payloads, and new concepts.

NASA performed preliminary evaluations of alternative performnce augmentation concepts during 1979 and 1980 with the
objective of achieving this capability by mid-1985. The most promising of these alternatives from the standpoint of
minimum development risk and STS impact wes a concept of solid rocket motor strap—ons to the Solid Rocket Booster (SRB)
and/or the External Tank (ET), and a liquid rocket engine package placed under the ET. Based on the 1985 objective
date, this Liquid Boost Module (LBM) concept for STS performance augmentation was adopted as the baseline concept for
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further study. The LBM concept would employ existing Titan engines and tankage, modified as required, to be mounted
under the ET. The objective date for full capability at VAB has been extended until 1986 allowing for consideration of
other performance augmentation options with longer development lead times such as uprating the main engines (SSME’s) to
the range of 115 percent of Rated Power Level (RPL) for nominal operation, and Solid Socket Motor (SRM) filament wound
case segments. These candidate options and combinations of options, including the LBM concept, will be studied in
detail during N 1981 and N 1982 to allow concept selection for a mid-1986 objective date.

Fy 1981 work includes systems engineering tests and wind tunnel and model tests, structural and aerodynamic loads
analyses, and Phase B studies to identify the design specification and performance requirements for the various

performance augmentation options under consideration. The FY 1981 effort will also consist of systems engineering
activities to understand the aerothermal, structural, dynamic, and vibroacoustic impact of performance augmentation
options on the STS elements. Facility requirements will also be studied.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The reduction of $7 million in N 1981 reflects implementation of the general reduction resulting from Congressional
action on the N 1981 appropriation request. This reduction can be taken in this area because of an extension of the
first potential mission date for the augmented performance from 1985 to 1986.

BASIS OF FY 1982 ESTIMATE:

Funds in FY 1982 are required to complete the preliminary efforts necessary to allow concept selection and readiness
for a N 1983 development start in order to achieve operational capability in 1986. Activities started in Fy 1980 and
FY 1981 must continue in N 1982 to conclude the detail studies and analyses of the candidate performance augmentation
options including study of the impact on each element (orbiter, external tank, and solid rocket booster), as well as the
impact on the overall system and launch facility.
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BASIS OF FY 1982 FUNDING REQUIREMFENTS:

DEVELOPMENT, TEST AND MISSION SUPPORT

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate NO .

(Thousands of Dollars)

Research and test support..........cccccevvevininnns 31,401 32,400 35,800 35,900 RD 2-16
Data systems and flight support........................ 35,822 40,200 38,900 35,700 RD 2-17
Operations SUPPOLteeicessosvenaetstosessassnonsnssacnas 44,285 45,900 45,900 49,500 RD 2-18
Launch systems SUpPPOrt.........ccocovevviniinenncnnnn. 61,092 65,000 62,900 62,900 RD 2-19
TOtBleceeeoceccnooosssscssavensnscsssssosssssssossonae 172,600 183,500 183,500 184,000

e ]

OBJECTIVES AND STATUS:

Development, Test, and Mission Support (DTMS) provides the common engineering, scientific and technical support
required to conduct ongoing and proposed Space Transportation Systems (STS) research and development at the Johnson
Space Center, the Kennedy Space Center, the Marshall Space Flight Center, and the National Space Technology Labora-
tories. DIMS functions include research and test support, data systems and flight support, operations support, and
launch systems support. These common efforts are necessary to support early project definition, to provide engineering
support for indepth technical examination of development efforts of prime contractors and major subcontractors on STS
projects, to provide common support equipment and supplies, and to perform alternative designs, testing, and analyses in
high technology areas of design and development.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The total funding for DTMS has not been changed in FY 1981. There has been a reallocation within the total estimate
consistent with the requirements to support certification and verification of the Space Shuttle systems, the delay in
the STS-1 launch schedule, and the extension of the orbital flight test program.
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BASIS OF FY 1982 ESTIMATE:

FY 1982 funding provides for the common engineering, scientific, and technical support required for activities
performed in the Shuttle program, the STS Operations Capability Development program and advanced programs.

1981 1982
1980 Budget Current Budget
Actual Estimte Estimte Estimte

(Thousands of Dollars)
Research and Test Support.. ssssssssssssssssssssnnnnnnns 31,401 32,400 35,800 35,900

OBJECTIVES AND STATUS:

Research and test support encompasses a broad spectrum of technical, engineering, scientific, reliability and quality
assurance, and safety operations. These activities complement the work of the major development contractors located
across the country in contractor plants and United States government facilities. Johnson Space Center in Fy 1981
continues certification and verification of flight and ground hardware and operation of the water immersion facility,
crew training station, and the remote manipulator simulator for training. Marshall Space Flight Center supports the
Shuttle main engine static test firing activities and integrated component testing as well as the qualification of the
main propulsion system, refurbishment efforts for the solid rocket booster, and provides flight evaluation of the
external tank, solid rocket booster, main engine, and related systems.

CHANGES FROM THE FY 1981 BUDGET ESTIMATE:

The current estimate for FY 1981 has increased by $3.4 million primarily due to additional certification and
verification requirements for crew equipment (i.e. extravehicular mobility unit), orbiter thermal protection system, and

orbiter structural load analysis.

BASIS OF FY 1982 ESTIMATE:

During FY 1982, research and test support efforts will be focused primarily on critical Shuttle activities, including
the Shuttle orbiter flight test activity. Also supported will be design and development activities and research and
development efforts in STS operations capability development and advanced programs. Engineering and test support is
provided to assure achievement of technical goals as they relate to each program.
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Fy 1982 activities support the operation of training facilities; continued certification and verification of flight
and ground hardware, static firing of the Space Shuttle main engine to full power level; refurbishment of solid rocket
boosters, support dwelopment of the lightweight external tank, and premission, mission, and post mission analysis; and
engineering support.

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Data Systems and Flight Support.. ssssssssssssasnnnnnnns 35,822 40,200 38,900 35,700

OBJECTIVES AND STATUS:

Data systems and flight support efforts are associated with the ground-based flight data systems, flight simulation
systems, special purpose and general purpose data systems, and flight support.

The ground-based flight data systems effort supports the definition, design, implementation, and checkout of hardware
and software modifications to the Johnson Space Center’s Mission Control Center, including the real time computer
complex in support of the Shuttle orbital flight tests, as well as operation and maintenance of those facilities in
preparation for operational mission support. Also included is the operation of the Johnson Space Center central data
computation facility and special purpose data system required to support Center—wide activities in mission analysis,
systems engineering development, and test functions for the Shuttle program.

Flight support provides for development of Shuttle flight control and recovery plans and procedures, flight plans,
flight data compilation, crew procedures and training, and other elements of the data base required for crew activities,

operation and maintenance of the T-38 training aircraft, flight data management, and support of Shuttle payload
accommodation and integration.

CHANGES FROM FY 19381 BUDGET ESTIMATE:

The FY 1981 estimate has been reduced by $1.3 million consistent with the workload adjustments reflecting the delay in
the STS-1 launch schedule.
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BASIS OF FY 1982 ESTIMATE:

Fy 1982 funding of ground-based flight data systems supports the operations and capability upgrading of the Mission
Control Center, the central computing facility, and the flight support and flight data management functions for the OFT
effort.

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Operations Support...........cceeeevvennenne. 44,285 45,900 45,900 49,500

OBJECTIVES AND STATUS:

Operations support provides for contractor effort and related supplies and equipment to operate and maintain on-site
activities at the Johnson Space Center, the Marshall Space Flight Center, the Kennedy Space Center, the National Space
Technology Laboratories, and for off-site operations at the White Sands Test Facility.

BASIS OF FY 1982 ESTIMATE:

Fr 1982 funding will provide for the maintenance of technical facilities and equipment, chemical cleaning, engineering
design, technical documentation and analyses, telecommunications, component fabrication, photographic support, and
logistics support. Examples of specific services to be prwided in FY 1982 include: (1) operation and maintenance of
specialized electrical and cryogenic systems, and maintenance of test area cranes; (2) operation of shops to do metal
furbishing, anodizing, plating, stripping, and etching of selected items of in-house fabricated flight hardware; (3)
cleaning of hoses, gauges, tubing, and related flight items that are fabricated in—-house; (4) engineering,
installation, operation, and maintenance of closed circuit fixed and mobile television required for support and/or
surveillance of tests; (5) photographic services, including still and motion picture processing, and audio visual
mission support; (6) fabrication of models, breadboards, and selected items of flight hardware; (7) technical
documentation services, telecommunications, and graphics; (8) technical services in support of center operations
including receipt, storage and issue of research and development supplies and equipment, and transportation services;
and (9) management services in support of center operations, including data management, microfilming, and preparation of
technical documentation.

In addition, Fy 1982 funds will provide the basic level of support at the National Space Technology Laboratories for
static test firing at full power level of the main propulsion system and integrated component testing of the Space
Shuttle main engine.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Launch Systems SUpPPOrt. sssssssssssssssnsssnnnsnnnnnnnns 61,092 65,000 62,900 62,900

OBJECTIVES AN STATUS:

Launch systems support provides for the development and test of the checkout and launch facilities and associated
ground support equipment, as well as the technical services required to support the test, checkout, and launch of the
Shuttle and payloads for the development test flights.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The Fy 1981 estimate has been decreased by $2.1 million to reflect primarily the deferred buildup of support
activities required for STS-1 launch processing.

BASIS OF FY 1982 ESTIMATE:

The FY 1982 launch systems support requirements at the Kennedy Space Center will support the integration and checkout
of the space vehicle, its payloads, and ground support systems to accommodate the Shuttle orbital flight test hardware

and payload systems.

Funding in FY 1982 will provide for mechanical ground system activities involving operation and maintenance of launch
systems and facilities for the Shuttle; support for development testing of the Kennedy Space Center designed Space
Shuttle equipment in the launch equipment test facility; maintenance and operation of the Kennedy Space Center
electrical and mechanical utilities systems; and operation of technical shops and the precision cleaning laboratory
which supports maintenance activities.

FY 1982 funding will also support the electronic and launch instrumentation systems, such as automated checkout
equipment, operational voice and television communications, measurements, and telemetry. These activities include
operations and maintenance support of communication, computational and instrumentation systems for the Space Shuttle,
and instrumentation and measurement support for development testing of the Kennedy Space Center designed Space Shuttle
equipment in the launch equipment test facility.
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BASIS OF FY 1982 FUNDING REQUIREMENTS:

ADVANCED PROGRAMS

1981 1982
1980 Budget Current Budget
Actual Estimate Estimte Estimate

(Thousands of Dollars)
Advanced Programsllllllllllllllllllllllllllllllllllllll 13,000 8,800 8,800 10,800

JECT AND TUS

The principal objective of advanced programs is to provide technical and programmatic data for the definition and
evaluation of potential future space programs and systems. Future systems requirements, cost and capabilities are
identified to provide the basis for selection of new flight systems. These efforts have continually provided the basis
for new programs and systems, such as Apollo, Skylab, and the Shuttle. Subsystems studies and supporting development
activities are conducted to demonstrate significant perfornnnce and reliability improvements and to reduce future
program risks and development costs through the effective use of new technologies.

In FY 1981, the advanced programs effort will be focused on conducting system and subsystem development studies for
the definition of power systems, space platforms for low and geosynchronous orbits and tether systems; the continued
evaluation of major regenerative life support subsystems; assembly and construction operations for large space systems
and structures in orbit; the investigation of systems and subsystems concepts involving satellite services ({.e.,
placement, retrieval, and on-orbit maintenance and repairs); the definition of advanced transportation vehicle concepts
including orbital transfer vehicles and Shuttle-derived launch vehicles; and the definition and analysis of satellite
placement and retrieval systems remote from the orbiter. Completion of the alternative systems concept studies for the
25-kW power system definition will be accomplished by December 1981.

BASIS OF FY 1982 ESTIMATE:

In FY 1982 major emphasis will be placed on continuing studies, engineering investigations, and definition of mission
options that will soon be possible and required because of the operational capability and flexibility of the space
transportation system. These options will generally fall into four major categories: unmanned low-altitude platforms,
unmanned geostationary platforms, a manned space operations center, and various elements of orbital test and
transportation for their support. In the unmanned low-altitude platforms area, design will be continued to define
platform and power support systems. In the second category, definition studies of geosynchronous platforms will be
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emphasized. To achieve the eventual capability of manned operations centralization and commonality in orbit, the
concept of the Space Operations Center, a Shuttle—serviced, permanent manned low-altitude facility, is under continuing
study. The Space Operations Center will improve the efficiency of orbital operations such as: on-orbit assembly,
launch, recovery and servicing of manned and unmanned spacecraft; construction, checkout, and transfer to operational
orbit of large complex space systems; tending of co-orbiting free-flying satellites and platforms; and continuing
development of our capability to conduct permanent manned operations in space. For orbital test and transportation, the
focus will be on large structures, satellite servicing, and advanced transportation options.

As part of the orbital test and transportation category, definition studies of life and crew support engineering

activities required for extended orbital missions will be conducted. Investigations of potential tools and equipment
for use in extravehicular activity and teleoperator operations will be carried out. Also, systems, subsystems, and
engineering development studies to support deployable and erectable space structure activities will be continued. As
part of construction operations, studies of assembly and repair of future structures in space will be continued as well

as studies of extravehicular activity operations essential for satellite and platform maintenance. Concept and
engineering development efforts on teleoperator systems to permit remote satellite servicing and studies on extravehicle
activity support equipment as well as automated rendezvous and proximity operations techniques will be continued.
Advanced space transportation capabilities definition studies will also be conducted to develop candidates for orbital
testing of systems and end items that lie between Phase B and Phase C of the usual development approach in order to test
feasibility and capability. Other planned activities for FY 1982 in this area include the continuation of studies of
advanced transportation to enhance the space transportation system capabilities and to permit improved geosynchronous
operations. As part of these efforts, emphasis will be placed on upper stages such as the advanced Centaur, various
approaches to a reusable orbital transfer vehicle, and the concept of a Shuttle-derived heavy lift launch vehicle.
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BASIS OF FY 19082 FUNDING REQUIREMENTS:

SPACELAB
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Spacelab.......oooiiii 58,800 149,700 139,700 140,700

OBJECTIVES AND STATUS:

The Spacelab is a major element of the Space Transportation System. The program is being carried out jointly by NASA

and the European Space Agency (ESA) to provide a versatile, reusable space laboratory which will be flown to and from
Earth orbit in the cargo bay of the Shuttle. The Spacelab will consist of a pressurized module and unpressurized pallet
segments which can be used in various combinations to support mission requirements. It will permit researchers to

conduct a wide range of experiments in a ground-type laboratory while operating in the unique environment of space.

Ten European nations, nine of which are members of the European Space Agency, are participating in the program. NASA
and ESA are committed to bear the cost of their respective program responsibilities. ESA responsibilities include the
design, development, production, and delivery of the first Spacelab and associated ground support equipment, and
establishment of the capability to produce additional Spacelabs. NASA funding responsibilities include development of
flight and ground support equipment not provided by ESA, development of Spacelab operational capability and procurement
of additional hardware needed to support NASAs missions.

In FY 1981, the manufacture of the crew transfer tunnel will continue and the flexible sectionwill be delivered. The
tunnel will link the Spacelab module to the Shuttle orbiter cabin. With the design complete, the fabrication of the
Verification Flight Instrumentation (VFI) equipment will start. The VFI includes sensors, electronic measuring and

monitoring devices, and related flight and ground support equipment required to verify the performance of Spacelab
subsystems and to monitor the environment to which payloads will be subjected.

Development and integration of the software for the Spacelab simulator will continue in FY 1981. The utility kits,
which serve as Spacelab-to-Shuttleorbiter mating hardware, will also continue to be manufactured.
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NASA will accept delivery of the ESA-developed Spacelab engineering model in early FY 1981. The first flight unit and
two sets of ground support equipment are also scheduled for delivery in FY 1981. These deliveries will accelerate
Spacelab activities at the Kennedy Space Center involving the receipt, assembly, installation, checkout, and processing
of this hardware. Ground support equipment and facility verification testing will be accomplished certifying that the
complex is ready for Spacelab launch checkout processing. This work is performed by the Spacelab integration contractor
who will also be performing systems engineering, logistics planning, systems software preparations and analytical
experiment integration for early Spacelab missions.

NASA signed a contract with ESA in early FrY 1980 for the procurement of the second set of Spacelab hardware (the first
being that which ESA has funded). The production of this follow-on hardware is planned to be completed in FY 1984.

CHANGES FROM 1981 BUDGET ESTIMATES:

As a result of Congressional authorization and appropriation actions, the FY 1981 Spacelab follow-on procurement
increment was reduced by $10 million. This reduction will not significantly affect delivery schedules, but will require
rephasing of payments to ESA.

BASIS OF FY 1982 ESTIMATE:

Fy 1982 funding is required to continue the procurement of the Spacelab follow-on hardware from ESA. This procurement
includes a second set of flight elements and initial spares to support the early flights. Delivery of this hardware is
scheduled to begin in N 1982.

Work will continue on the crew transfer tunnel and the Spacelab simulator with FY 1982 funding. The first tunnel is
scheduled to be complete and the simulator is to be ready for training in Fr 1983. Fabrication of the Spacelab
Verification Flight Instrumentation equipment is scheduled to be complete in FY 1982. The manufacture of ground support
equipment will continue with elements to be delivered in FY 1982 and FY 1983. Fy 1982 funding will support the
procurement of spare parts for ESA pallet structures which NASA has modified to be flown during the orbiter flight
tests. It also provides funds for spares manufactured in the United States for Spacelab flight hardware to be flown on
the first two Spacelab missions.

The design of Spacelab flight hardware is well defined. During the preparation for launch, experience has shown that
minor changes may be required to assure proper function, compatibility and reliability. FY 1982 funding is required to
perform these modifications to the hardware delivered from ESA and the follow-on hardware being procured from ESA.

The Spacelab integration contractor will, with FY 1982 funds, continue to perform the integration of the flight
hardware for the first Spacelab missions. The contractor will certify for reflight the pallets which are to be flown
during the orbiter flight tests. Fy 1982 funds will provide for the preparation of procedures for processing and
testing flight and ground hardware. Also, effort will be continued in the areas of system engineering, logistics

planning and analytical integration for early missions.
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BASIS OF FY 1982 FUNDING REQUIREMENTS:

SPACE TRANSPORTATION SYSTEM OPERATIONS

1981 1982
1980 Budget Current Budget Page
Actual Estimte Estimate Estimate No »
(Thousands of Dollars)
Shuttle operations............ccooecvviiiiiiineiinnn. 119,300 296,000 213,500 461,100 RD 2-26
Spacelab operations.........ccoovviiiiiiiiiniienn. - 1,600 —-— —-— ===
Upper stages operation................cccoeeeveeenn... 18,700 30,900 38,200 68,000 RD 2-27
Payload support Operations..................ccc........ 10,100 18,000 19.000 32,200 RD 2-28
TOt@leoeoecsossasssseosscsnassvsoscssssssssnscsncsasssce 148,100 346,500 270,700 561,300

OBJECTIVES AND STATUS:

Space Transportation System Operations will provide the transportation services and operational activities to bring
about a more effective access to, and utilization of space for the expansion of human knowledge and for practical
benefits on Earth, while reducing the cost of space operations. The space transportation system will prwide for the

delivery of free-flying payloads to low Earth orbit; facilitate the conduct of experiments using the Shuttle orbiter as
a carrier vehicle for experiments mounted in Spacelab pressurized modules and on Spacelab pallets in the orbiter payload
bay; deliver payloads to synchronous and other high energy orbits using the combined capabilities of the Shuttle and
upper stages; retrieve free-flying payloads from low Earth orbit; and prwide on-orbit servicing of satellites.

The space transportation system operations activities integrate the Shuttle system, the Spacelab, and the upper stages
into a versatile and economical space transportation system. Shuttle mission planning, procurement planning of
recurring hardware and consumables, and support planning for operations involving launch, flight recwery crews and

related activities are well underway. In addition, procurement of long-lead items for major expendable hardware
components has been initiated .

Spacelab operations provide for development and implementation of Spacelab ground-turnaround and flight operations,
including mission planning, Spacelab-to-Shuttle integration, and ground support operations. Upper stage operations
prwide €or the procurement of upper stage hardware and related support necessary for orbital placement of spacecraft
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following low orbit deployment from the Shuttle orbiter. The upper stages include inertial upper stages and spinning
solid upper stages.

Payload support operations provide for operational payload related hardware, services and launch site capability
development required to meet a user’s transportation requirements outside the scope of currently defined standard space
transportation system services.

CHANGES FROM 1981 BUDGET ESTIMATES:

FY 1981 funding for Shuttle operations and Spacelab operations were rephased to reflect current requirements
consistent with the Shuttle flight manifest covering the planned schedule and payloads for early operational missions.
Upper stage operations funding reflects amounts which had been estimated as required for IUS procurement. At present,
the estimated costs and alternatives in this area are under review as a result of a recently announced contract
overrun. Payload support operations FY 1981 funding reflects increased analytical integration activities but does not
include any impact from the current review of upper stage requirements.

BASIS OF FY 1982 BUDGET ESTIMATES:

Shuttle operations = FY 1982 funding is required for continuation of procurement of raw materials and subassemblies
for external tanks and solid rocket boosters as well as manufacture, assembly, and checkout of this flight hardware to
support the currently planned flight rate for early operational missions. The production phasing is a function of these
mission requirements in conjunction with the need to develop a reasonably smooth and efficient buildup of production
rates. FY 1982 funding is also required for flight operations planning at Johnson Space Center which includes mission
operations planning, crew training, engineering support and analytical integration for initial operational flight
beginning in late 1982.

Upper stage operations = Funding in FY 1982 is required to continue the procurement of major components and initial
subsystem assembly of the upper stages to support NASA missions including Tracking and Data Relay Satellites,
International Solar Polar Mission, Galileo, and Venus Orbiting Imaging Radar satellite. The estimates in this area are
based on the inertial upper stage and spinning solid upper stages and may be altered as a result of the reviews
currently in progress.

Payload support operations = Funding in FY 1982 is required to support ongoing payload integration analysis and
implementation for currently scheduled launches. NASA payloads requiring significant support in 1982 include: Galileo,
International Solar Polar Mission, Long Duration Exposure Facility, Tracking and Data Relay Satellite, Space Telescope,
early Spacelab missions, and Venus Orbiting Imaging Radar satellite.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Shuttle Operations. H EEEEEEEEE SN NN NN NN NN NN NN NN EEEEENER 119,300 296,000 213,500 461,100

OBJECTIVES AND STATUS:

Shuttle operations funding provides for the operations and maintenance of the space transportation system. The major
elements of Shuttle operations includes the following: launch, flight, landing and ground turnaround; cargo analytical
integration and mission planning and operations; flight crew operations and equipment; orbiter spares and engineering
support; procurement of external tanks, solid rocket boosters, main engines and propellants; ground systems operations,
logistics and sustaining engineering.

CHANGES FroM 1981 BUDGET ESTIMATE:

Fy 1981 funding for Shuttle operations has been reduced to reflect requirements consistent with the Shuttle flight
schedule in addition to the impact of Congressional action on the FY 1981 appropriation.

BASIS OF FY 1982 BUDGET ESTIMATE:

Fy 1982 funding will support the continued procurement, manufacturing, assembly and checkout of flight hardware for
early operational Shuttle flights. This hardware includes solid rocket boosters, external tanks, and orbiter vehicle
replenishment spare equipment. Funding will also support development of standardized Shuttle flight plans for operation
of the avionics software and flight control systems. Plans and procedures for early operational missions will be
developed in detail to reflect mission profiles, thermal and dynamics load requirements, and crew activities for each
mission.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Upper Stages OperationS... ssssssssssssssssssssssssnnnns 18,700 30,900 38,200 68,000

OBJECTIVES AND STATUS:

Upper stage operations provides funding for the procurement of the Inertial Upper Stage (IUS) and the Spinning Solid
Upper Stages (SSUS). Since the recent contractor announcement of revised cost estimates for IUS development and initial
production, NASA has been assessing alternatives available for planetary missions.

CHANGES PROM FY 1981 BUDGET ESTIMATES:

Upper stage operations funding reflects increases in hardware costs which had been identified based on data available
prior to the recent announcement of cost increases. This requirement will be subject to adjustment based on the results
of the review now in progress.

BASIS OF FY 1982 BUDGET ESTIMATE:

FY 1982 STS upper stages operations funding provides for procurement of upper stages consistent with the requirements
for early operational missions with the same qualifications as the estimate for FY 1981.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Payload Support OperationsS. ssssssssssssssnssnnsnnnnnnns 10,100 18,000 19,000 32,200

OBJECTIVES AND STATUS:

Payload support operations provide Shuttle payload related optional services to NASA and reimbursable users. These
services include: development of unique integration hardware, spacecraft to upper stage analytical integration, and
payload launch site support.

CHANGES FROM FY 1981 BUDGEI ESTIMATE:

Payload support operation FY 1981 funding reflects increased analytical integration activities, but does not include
results from the current IUS review.

BASIS OF FY 1982 BUDGET ESTIMATES:

Funding in FY 1982 is needed to support continuing operations related services for currently scheduled launches. NASA
missions requiring support from payload support operations during this time period include: Galileo, International

Solar Polar Mission, Long Duration Exposure Facility, Tracking and Data Relay Satellite, and the Venus Orbiting Imaging
Radar.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE TRANSPORTATION OPERATIONS EXPENDABLE LAUNCH VEHICLES PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate No .

(Thousands of Dollars)

SCOUL seosveoscssaissssssssssssscsssessssscsoscscncssscssse 5,100 2,200 900 800 RD 3-3
Centaur. sssssssssssssssssssssnsansanunnuannnnnnnnnnnnns 18,000 5,600 5,600 —— RD 3-4
[ 2 43,100 47,900 47,900 30,400 RD 3-5
At1as=Fceeeseecncessccseroscssosssesscsscsosssesscsacscscss 1,200 - - - RD 3-6
Totaleosoesoveessesacccessooscsosscsssocssscososncsasoss 67,400 55,700 54,400 31,200

Distribution of Program Amount by Installation:

Kennedy Space Center............ B 4,700 1,600 1,600 1,700
Goddard Space Flight Center...................ooial. 38,500 45,700 45,700 28,200
Langley Research Center............coiiiiiiiiinn... 5,100 2,200 900 800
Lewis Research Center...........cciiiiiiiiiiiiinn... 17,000 5,500 5,500 -—
HeadquarterSesssccscecesscessssssncccosssssssssssssssans 2,100 700 700 500

Total.. ..o 67.400 55,700 54,400 31,200
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE TRANSPORTATION OPERATIONS EXPENDABLE LAUNCH VEHICLES PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Expendable Launch Vehicles program is to provide for the centralized procurement of launch
vehicles and launch support services for NASAs automated spacecraft missions, and for other agencies and organizations
utilizing these systems and services on a reimbursable basis.

NASA's expendable launch vehicle transportation systems consist of the Scout, Atlas Centaur, Delta, and Atlas-F
vehicles. This family of launch vehicles has been developed to support NASA's automated spacecraft launch requirements
and, on both a cooperative and a reimbursable basis, to support other government, international, and commercial agencies
and organizations. The expendable launch vehicle program includes the procurement of vehicle hardware, launch services,
and engineering and maintenance support, including the necessary reliability improvement of the launch vehicle, and the
ancillary ground equipment.

Launches under this program are conducted from sites located at the Eastern Space and Missile Center (ESMC) formerly
called the Eastern Test Range (ETR) in Florida, the Western Space and Missile Center WSMC) formerly called Western Test
Range (WTR) in California, the Wallops Flight Center in Virginia, and the San Marco Platform off the coast of Kenya,
Africa.

CHABGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 budget has been reduced by $1.3 million in the Scout program to accomodate the overall reduction in the
amount appropriated for FY 1981.
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BASIS OF FY 1982 FUNDING REQUIREMENTS:

SCOUT
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
SCOUL s eesssoecossssvsscsssssssscsscsscssssssssansosscassssas 5,100 2,200 900 800

OBJECTIVES AND STATUS:

The Scout launch vehicle was initiated by NASA in 1959 with the goal of economically launching a wide variety of small
scientific satellites, space probes, and re—entry experiments. The first Scout launch occurred in July 1960. 1In the
ensuing 20 years, there have been 101 launches. Eighty-seven of these launches have been successful.

The Scout vehicle is the smallest launch vehicle employed by NASA. It is a four-stage, solid propellant launch
vehicle. The vehicle is approximately 22.4 meters in length (73 feet) and the first stage booster has a diameter of
1.14 meters (3.75 feet). It is capable of placing a 180 kilogram (400 pound) payload in a 556 kilometer (300 nautical
mile) orbit.

The Langley Research Center, located at Hampton, Virginia, has managed the Scout project since its inception. The
prime contractor for the production, checkout, and launch of Scout is the Ling-Temco-Vought Aerospace Corporation,
located in Dallas, Texas. Scout vehicles are launched from the Western Space and Missile Center, California; from
Wallops Island, Virginia; and from the San Marco Platform off the African coast near Kenya.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 budget has been reduced by $1.3 million in the Scout program to accomodate the overall reduction in the
amount appropriated for FY 1981.

BASIS FOR FY 1982 ESTIMATE:

The funds required in FY 1982 will be used for engineering, technical support, vehicle testing and checkout, launch
operations and maintenance of launch facilities and ground equipment. FY 1982 funds will provide for preparation and
launch of two San Marco cooperative missions from the African San Marco launch platform. These launches will complete
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NASAs use of the Scout launch vehicle by the end of 1983. However, the Scout vehicle system will be continued to
support the Department of Defense, at least through 1985, on a reimbursable basis.

BASIS OF FY 1982 FUNDING REQUIREMENTS:

CENTAUR
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
COMEAUT ¢ oo asososnsssvsnsnsasnssnsssnnsnsnsssaasssassnsss 18,000 5,600 5,600 J—

OBJECTIVES AND STATUS:

This project provides for the procurement and launch of the Atlas booster stage and the Centaur upper stage. The
Centaur is a high performance upper stage, which is the most powerful used by NASA for automated missions. It is being
used with the Atlas booster for high energy missions, particularly planetary and synchronous orbits. The Atlas Centaur
vehicle is 40 meters (131 feet) in length and has a diameter of 3.1 meters (10 feet).

BASIS OF FY 1982 ESTIMATE:

No appropriated funds are required for FY 1982 since no NASA spacecraft are planned to be launched with this vehicle
system. However, this vehicle will be used for INTELSAT and DOD launches, at least through 1984, for which NASA will be
reimbursed.
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BASIS OF FY 1982 FUNDING REQUIREMENTS:

DELTA
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
r; 2} 43,100 47,900 47,900 30,400

OBJECTIVES AND STATUS:

The Delta launch vehicle is the most widely used vehicle in NASA’s expendable launch vehicle family. Since its first
use in 1960, this vehicle has been utilized in 153 launches and has experienced a success record of wer 91 percent. It
is presently operational with two and three stage configurations and a multiburn second stage capability. The first
stage is an elongated Thor booster with three, six, or nine strap-on solid motors for thrust augmentation.

The second stage Delta, which provides a multiple restart capability, uses an inertial guidance system for guiding the
first stage booster and the second stage Delta. The third stage utilizes the Thiokol TE-364 solid motor, which is spin
stabilized. This vehicle, in its three-stage configuration, is approximately 35 meters in length (115 feet) and has a
diameter of 2.44 meters (8 feet). It is capable of placing a 800 kilogram payload (2,000 pounds) into a synchronous
transfer orbit.

BASIS OF FY 1982 BUDGET ESTIMATE:

The Fy 1982 funding will be used to continue the Delta launch vehicle procurements initiated in prior years to support
NASA spacecraft requirements. Funds are also required for technical and engineering support to sustainvehicle test and
checkout and launch operations, and to support maintenance of launch facilities and ground equipment.

This vehicle system, planned to be operational at least until 1985, is the most utilized of our current vehicles. It
is being used to support backup Shuttle user requirements, on a reimbursable basis, €or launching missions for other
United States government, commercial and international mission users. Development of an uprated second stage capable of
placing a 1,232 kilogram payload (2,800 pounds) into a synchronous transfer orbit is continuing on schedule.
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BASIS OF FY 1932 FUNDING REQUIREMENT:

ATLASF
1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
N T 1,200 _— -— -—

OBJECTIVES AND STATUS:

The Atlas—-F is a one and one-half stage vehicle which uses liquid oxygen and kerosene as propellants. The vehicle is
a refurbished surplus intercontinental ballistic missile (ICBM) being managed by the USAF for space missions. NASA
used this vehicle to launch the TIROS-N and S8easat missions successfully during 1978.

BASIS OF FY 1982 ESTIMATE:

No appropriated funds are required €or FY 1982 since this vehicle system is being used only in support of the National
Oceanic and Atmospheric Administration weather satell{te launchce on a reimbursable basis.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1982 ESTIMATES

RESEARCH ANTI DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE PROGRAMS

Budget Plan
1981 1982
1980 Budget Current Budget
Programs Actual Estimate Estimate Estimate

(Thousands of Dollars)

Physics and astronomy. ==ssssssrrnnnneasannnnnassnnnns 336,800 438,700 344,700 451,400
Planetary exploration:ssssseseaaassiiiiiiiisnsnnnnnannss 219,900 179,600 175,600 256,100
Life SCIENCES s srrosmssanansnnnnssnnnssnnnssnnnnsnnnnsss 43 800 49 700 42 188 49 200

10 ) - 600,500 668,000 562,488 156,700

ss 1




PHYSICS AND
ASTRONOMY




RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE SCIERCE PHYSICS AND ASTRONOMY PROGRAM

SUMMARY COF RESOURCES REQUIREMENTS

1981 1982
1980 Budget Current Budget Page
(Thousands of Dollars)

Space telescope (ST) development ssssssssssssnssnnnnnnns 112.700 119. 300 119.300 119.500 RD 4-8
International solar polar mission (ISPM)

develOpmMeNnt sassssssssssssssssnnsnnannnannnnnnnnnnnnns 47.900 39. 600 39. 600 58. 000 RD 4-10
Gamma ray observatory (GRO) development sssssssssssnsnns _— 19.100 17.600 52.000 RD 4-12
Shuttle/Spacelab payload development and

MisSion Management sssssssssssssssssssssssssnnsnnnnnns 40. 600 29. 100 27. 400 51. 800 RD 4-14
Explorer develOpment sssssssssssnssnsssnnnnnnnnnnnnnnnnsn 32.300 33. 000 33.000 36.600 RD 4-16
Mission operations and data analysis (MO&DA) ssusnnnsnns 37. 100 38. 900 38. 900 53.500 RD 4-18
Research and analysiS (R&A) sussssssssssssssnnnnnnnnnnns 33. 774 36. 700 38. 000 42.500 RD 4-21
Suborbital program ssssssssssssssssssssasnsnnnnnnnnnnnnsn 27.226 30. 900 30. 900 37. 500 RD 4-26
High energy astronomy observatories (HEAO)

developmeNnt susssssssssnsnnnnnnnnnnnnnnnnnnnnnnnnnnnnsn 2,100 —— - —-_— -—-

Solar maximum mission (SMM) development asssssssssssnnns 3,100 J— J— — -—

Totalllllllllllllllllllllllllllllllllllllllllllllllll 336I800 346 600 344 700 451400

Distribution of Program Amount by Installation:

Johnson Space Center ssssssssssnssnsnsnnnnnnnnnnnnnnnnns 146 2. 415 1.680 4.594
Kennedy Space Center susssssssssssssssssnnnsnnnnnnnnnnns 2.796 2.358 4.877 3.503
Marshall Space Flight Center ssssssssssssssssssssnnnnnns 154. 186 162. 401 158,331 175.872
Goddard Space Flight Center sssssssssssssssnnnnnnnnnnnns 79.637 91.245 83. 687 155.454
Jet Propulsion Laboratory sssssssssssssssssssssssssnnnss 51. 027 39. 292 48. 616 55. 701
Wallops Flight Center sasssssssssssssssssssnnnnnnnnnnnns 5.816 6.874 7.613 9.372
ATB Research Center AN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR 14673 8368 12714 8913
Langley Research Center sasssssssssssssssssnnnsnnnnnnnns 675 37 37 13
HeadquarterS susssssssssssssssssnsnsnnnnnnnnnnnnnnnnnnnsn 27. 844 33. 610 27. 145 37.978

Total susssnssnnsnssnnsnnnnnnnnnsnnsnnnnnnnnnnnnnnnnns 336,800 346,600 344,700 451. 400
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RESFARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE SCIENCE PHYSICS AND STRONOMY PROGRAM

LAUNCH SCHEDULE

CALENDAR

PROJECT MISSION YEAR
International Solar Polar Mission ISPM 1985
Space Telescope ST 1985
Gamma Ray Observatory GRO 1986
Space Shuttle Orbital Flight Test Payloads OSTA-1 1981
0ss-1 1982

Spacelab Spacelab 1 1983
Spacelab 2 1983

(NASA shuttle/Spacelab Payloads will build to a flight rate of approximately 5 equivalent Spacelab missions per year by
1985).

Explorers :
Dynamics Explorer 1981
San Marco-D/Low Orbit 1982
San Marco-D/Multistationary 1983
Solar Mesosphere Explorer 1981
Infrared Astronomical Satellite 1982
Cosmic Ray lIsotope Experiment 1981
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PROJECT

Suborbital Programs:
Sounding Rockets
Balloon Flights

Airborne

MISSION

Active Magnetospheric
Particle Tracer Explorer

Extreme Ultraviolet Explorer

Cosmic Background Explorer

CALENDAR
YEAR

1984

1985

1986

About 60 launches per year
About 20 launches per year
About 80 flights per year

with C-141 Airborne
Observatory
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The major objective of the Physics and Astronomy program is to increase our knowledge and understanding of the solar-
terrestrial space environment and the origin, evolution, structure, and composition of the universe, including the Sun,
the stars, and the other celestial bodies. Space—based research is being conducted to investigate the physics, chemis-
try and the transport processes occurring in the Earth's magnetosphere, ionosphere, and atmosphere, and the responses of
the transport processes to solar phenomena and variability; the structure and dynamics of the Sun and its long-and
short-term variations; cosmic ray, x-ray, ultraviolet, optical, infrared, and radio emissions from stars, interstellar
gas and dust, pulsars, neutron stars, quasars, blackholes, and other celestial sources; and the laws governing the in-
teractions and processes occurring in the universe. Many of the phenomena being investigated are not detectable from
ground-based observatories because of the obscuring or distorting effects of the Earth's atmosphere.

To achieve the objectives of the Physics and Astronomy program, NASA employs theoretical and laboratory research;
aircraft, balloon, and sounding rocket flights; Shuttle/Spacelab flights; and free-flying spacecraft. Research teams
involved in the Physics and Astronomy program are located at universities, industrial laboratories, NASA field centers,
and other government laboratories.

The scientific information obtained and the technology developed in this program are made available to the scientific
and technical communities for application to and the advancement of scientific knowledge, education, and technology.

The Physics and Astronomy missions undertaken to date have been extraordinarily successful. The High Energy Astronomy
Observatories (HEAO”s) are making a major contribution to our understanding of the high energy processes and of the
distribution and characteristics of x—-ray emitting objects. The Solar Maximum Mission (SMM) has answered several of the
basic questions about the processes which occur in solar flares, and has detected day-to-day changes in the total amount
of light and heat emitted by the Sun. Explorer satellites, a program involving a series of relatively low cost missions
whose origin dates back to the beginning of our country's space program, continue to make major discoveries about
celestial phenomena, as well as the nature of the solar terrestrial interactions and their effect on the near-Earth
environment. For example, the International Ultraviolet Explorer has recently provided evidence that stellar magnetic
fields and rotation probably combine to cause the tremendous levels of solar-like activity we detect in many classes of
cool binary stars. This type of information may lead to a better understanding of the Sun's variability. The Atmos-
phere Explorer (AE) has made a major breakthrough in our understanding of the processes by which solar ultraviolet
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radiations are absorbed by the atmosphere and produce the ionosphere, and the balance between the chemical reactions
that produce large seasonal latitudinal and solar cycle variations at the magnetosphere boundaries. Energy transfer
processes by magnetic warping from the solar wind magnetic field through the magnetopause into the magnetosphere have
been observed. The AE has also found strong electrodynamic processes that send atmospheric constituents far out into
the magnetosphere and solar wind constituents down into the atmosphere, and has examined the acceleration processes by
which solar wind particles are hurled back toward the Sun with high energies. These acceleration processes have clear
impli-cations for astrophysics and laboratory energy generators. The explorer program plays a key role in development
of technology and serves as a further test opportunity for the techniques necessary for later, more complex
observatories.

Major accomplishments during FY 1980 included the launch, on February 14, of the Solar Maximum Mission (SMM). This
spacecraft has now observed over a thousand flares since launch, using instruments which observed wavelengths ranging
from the highest energy gamma rays down to visible light. Major scientific results from SMM include the discovery that
the x-rays given off during solar flares are produced by beams of high speed electrons which shower down on the Sun's
surface when a flare goes off, and the measurement of the reduction in the total amount of light emitted by the Sun due
to the darkening of sunspots.

The second of the High Energy Astronomy Observatories (HEAO) series, HEAO-2, is currently carrying out a preliminary
survey of the sky for gamma ray lines and is measuring the composition of cosmic ray particles. Significant scientific
results obtained from the HEAO missions to date include the discovery by HEAO-1 of more than 1,000 new Xx-ray sources,
the demonstration by HEAO2 that a much wider variety of stars emit x—rays in greater quantities than previously
predicted, and new information provided by HEAO-3 has provided new information on the detailed composition of cosmic
rays in the iron, nickel, and cobalt group of elements. Several sounding rocket payloads of specialized x-ray
instruments have been flown on correlative flights during the operation of the Solar Maximum Mission. Major progress
was also made in the development of experiments and other flight equipment for future physics and astronomy missions.
The Space Telescope, the International Solar Polar Mission, the Dynamics Explorers, the Infrared Astronomical Satellite,
and the Solar Mesosphere Explorer are in various stages of flight development. The development of the instruments which
will be flown on one of the Shuttle orbital flight tests, 0SS-1, progressed in FY 1980 with most of the instruments
completed and placed into storage until shortly before the launch. The experiments on 0SS-1 will gather solar physics
data, evaluate the ambient and induced Shuttle environment, and provide data on payload thermal control technology.
Significant progress has also been made in the preparation of the Spacelab 1 and 2 missions, which are operational
demonstration flights of Spacelab hardware that the European Space Agency developed. During FY 1980, definition work

was carried out on the initial follow-on Shuttle/Spacelab physics and astronomy experiments, some of which will fly as
early as 1984. The Chemical Release Module development contract was let in FY 1980, and definition of the Shuttle
Infrared Telescope Facility is continuing. The Solar Optical Telescope development will be initiated in FY 1981.
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In FY 1981, the Gamma Ray Observatory instrument and spacecraft design and development will be initiated, leading to
an early 1986 launch. The Gamma Ray Observatory is a comprehensive mission designed to study the full sky over the
total range of the gamma ray energies. Gamma rays are the most energetic electromgnetic radiation known. It is
believed that their study will reveal details of fundamental cosmic nuclear and high energy processes, especially those
occurring in active galaxies and quasars as well as in supernovae.

In FY 1981, development activities will continue on the Space Telescope which will allow research at the forefront of
optical and ultraviolet astronomy for decades. Work will also continue on the International Solar Polar Mission which
will be the first mission to explore the three-dimensional space around the Sun. The Dynamics Explorer, which will
investigate the interaction of the Earth's magnetosphere and ionosphere, is in final integration and test leading to a
launch in 1981. Development will continue on the Infrared Astronomical Satellite (IRAS), a cooperative mission with the
Netherlands and the United Kingdom, leading to a launch in 1982. The IRAS will perform an all-sky survey of infrared
sources, and will study in more detail, selected galactic and extragalactic sources. Development work on the San Marco-
D missions, which are cooperative missions with Italy, will be continued, leading to launches in 1982 and 1983. De-
velopment will also be continued on the Cosmic Ray Isotope Experiment, which will be launched on a Department of Defense
satellite in 1981, and on the Solar Mesosphere Explorer which will also be launched in 1981. The Solar Mesosphere
Explorer will determine solar ultraviolet flux, and study corresponding changes occurring in ozone and related chemistry
asa result of the ultraviolet radiation. Development activity will be initiated in late FY 1981 on the Active
Magnetospheric Particle Tracer Explorer (AMPTE), a cooperative program with the Federal Republic of Germany, which will
study the solar wind at the subsolar point and identify particle entry windows, entry mechanisms, energization processes
and transport processes into the magnetosphere.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The current estimate for the FY 1981 Physics and Astronomy program is $1.9 million below the budget estimate, as a net
result of specific adjustments made to the program by the Congress, together with the application to this program of a
portion of the general Congressional reduction to the appropriations request. Decreases of $1.5 million in the Gamma
Ray Observatory (made possible due to the delayed start of development caused by Continuing Resolution restrictions) and
$1.7 million in Spacelab payload development and mission management were offset by an increase of $1.3 million in
research and analysis.

BASIS OF FY 1982 ESTIMATES:

Fy 1982 funding will pruvide for the launch of the space science payload (0SS-1) which is to be flown on a Shuttle
orbital flight test, and launch of the Infrared Astronomical Satellite as well as the first of the San Marco-D
missions. Development work will continue on the Space Telescope, the International Solar Polar Mission, the Gamma Ray
Observatory, and the Active Magnetospheric Particle Tracer Explorer (AMPTE). FY 1982 funding will support the continued
development of the Chemical Release Module and the Solar Optical Telescope.
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In N 1982, work will continue on the mission management efforts for all NASA Spacelab payloads. The FyY 1982 funds
will provide for the continued instrument development and mission management for Spacelabs 1and 2, and for instrument
development and mission management activities for future Spacelab missions.

FY 1982 mission operations and data analysis activities will focus on the operation and analysis of data from
satellites which are producing valuable scientific data. These satellites include the Solar Maximum Mission, HEAO-3,
the International Ultraviolet Explorer, the Internationa 1 Sun Earth Explorers, and the Interplanetary Monitoring
Platform (IMP-J). Mission operations and data analysis will also be underway for the Dynamics Explorers and for the
Solar Mesosphere Explorer (SME). In addition, FY 1982 funding will support the analysis of the data acquired by the
highly successful OAO-3, SAS-C, and HEAO-1 and -2 as well as preparations for science operations for the Space
Telescope.

The Fy 1982 suborbital program will provide for continuation of sounding rocket activity and continuing scientific
investigation through balloon and aircraft flights.

Research and analysis FY 1982 funding will support a broad range of efforts to provide the research and technology
base required for well conceived and defined future programs. In the supporting research and technology program, tasks
critical to maintaining a firm scientific base for physics and astronomy will continue. In the area of advanced
technology dwelopment, design and definition will be carried out for potential future missions, including
Shuttle/Spacelab payloads and free-flying spacecraft. The data analysis activity will include operation of the National
Space Science Data Center (NSSDC) and general data analysis activities.
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BASIS OF FY 1982 FUNDING REQUIREMENT :

SPACE TELESCOPE (ST DEVEL(

1981 1982
1980 Budget Current Budget
Actual Estimte Estimate Estimate

(Thousands of Dollars)

Spacecraft.-.-..-.-..-.-..-.-..-.-..-.-..-.-..-.-.--.-. 76,900 95,]_00 85,000 83 ,500
EXper|mentS _______ EE NN E NN NN NN SN E NN NN NN NN EEEEEEEEEE 358"] 24 2"' 34 3"' 361000
Total. seueunsnsasusannannnnsnsnsnsnnnnnnnannnnnnnnnns 112,700 119,300 119,3 00 119,500
Mission operations and data analySiS.. sasssssssssnnnnns (1.800) (6,700) (6,700) (15,200)
Space transportation system operationS.. ssssssssssssnns (300) (3,200) (500) (3,000)

OBJECTIVES AND STATUS:

The Space Telescope will make a major contribution to understanding the stars and galaxies, and the nature and
behavior of the gas and dust between them; and the broad question of the origin and scale of the universe. Operating in
space above the atmospheric veil surrounding the Earth, the Space Telescope will increase by several hundredfold the
volume of space accessible for observations. With its significant improvements in resolution and precision in light
sensitivity and in wavelength coverage, the Space Telescope will permit scientists to conduct investigations that could
never be carried out using ground-based observatories due to the obscuring and distorting effects of the Earth's
atmosphere.

The Space Telescope will enhance the ability of astronomers to study radiation in the visible and ultraviolet regions
of the spectrum. It will be more sensitive than ground-based telescopes and will record greater detail about the
objects under study. It will make possible observation of objects so remote that the light will have taken many
billions of years to reach us. As a result, we will be able to look far into the distant past of our universe. The
Space Telescope will also contribute significantly to the study of the early stages of stars and the formation of solar
systems as well as to the observation of such highly evolved objects as supernova remnants and white dwarf stars. With
the Space Telescope, we may be able to determine the nature of quasars, and the processes by which they emit such
enormous amounts of energy, and it may also be possible to determine whether some nearby stars have planetary systems.
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The Space Telescope will be an automated observatory, delivered into orbit by the Shuttle. Data from its scientific
instruments will be transmitted to Earth via the tracking and data relay satellite system. The Space Telescope will
differ from existing automated satellites in that its design will permit in-orbit maintenance, repair, and retrieval by
the Space Shuttle for return to Earth, refurbishment and reuse.

A detailed schedule and cost review has been conducted on the Space Telescope project, and based on the results of
this review, a new launch date and estimate of cost through completion has been established. The revised launch date
for the Space Telescope is the first half of 1985, as opposed to late 1983 which was the original launch date. The
rwised estimate for the cost through completion for the Space Telescope development is $700-$750 million in Fy 1982
dollars as opposed to $540-$595 million which was the original estimate in terms of FY 1982 dollars.

During FY 1980, continued progress was made in the design and development of the Space Telescope. The primary mirror
blanks are in the final stages of polishing. One primary mirror is being polished by a new computer—controlled
polishing machine. This technique was demonstrated by polishing a 60-inch mirror to Space Telescope specifications.
The backup to the flight primary mirror is being polished, using traditional manually controlled polishing machines.
The optical telescope assembly contractor completed design activities leading to the critical design reviews (CDRs) in
the last half of FY 1980. Manufacturing was initiated following these reviews. The CDRs for three of the five science
instruments were conducted in FY 1980. The fourth CDR was completed in early FY 1981 and the final instrument CDR is
scheduled for the spring of 1981. In addition, a CDR was completed on the system for the control and data handling for
the scientific instruments. The metering truss assembly which separates the primary and secondary mirrors has been
completed. A pointing control system development test, which included preliminary software, flight hardware, and
simulators, was completed by the support systems module contractor.

Fy 1981 activities continue to support detailed design, development, and manufacture of the optical telescope
assembly, the support systems module, and the scientific instruments. Polishing of the flight primary mirror will be
completed in 1981. A systems interface review for the support systems module, optical telescope assembly, and the
scientific instruments is scheduled for mid-1981.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The total FY 1981 funding requirement for the Space Telescope development is unchanged. However, there is a
redistribution between the spacecraft and experiments due to a rephasing of the program consistent with a 1985 launch
date.
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BASIS OF FY 1982 ESTIMATE:

Fr 1982 funding will support the fabrication and assembly activities of the optical telescope assembly (0TA), the
scientific instruments and the support systems module. The fabrication and assembly of the scientific instruments is
scheduled to be completed in early 1983, with verification testing to follow. The primary mirror of the optical
telescope assembly is scheduled to be completed, and assembly of the OTA subsystems is scheduled to continue in FY
1982. The critical design review of the support systems module will be completed in FyY 1982.

BASIS OF FY 1982 FUNDING REQUIREMENTS:

INTERNATIONAL AR )LAR MISSION ISPM) DEVELOPMENT

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft-- EEEEEE RN RN NN NN R R RN NN NN NN RN RN NN NN ENENEENEEEENENESR 27,700 26,300 21,200 47,734
Experiments ..... A EEEEEEEEE NN NN NN NN NN NN NN NN NN EEEEEEEEENESDR 19,000 12,000 17,000 7,830
Ground operations- EEE NN NN NN RN NN NN RN NN NN N ENEENEENEEEENEERNESR 1,200 1,300 1,400 2436
Total..oo 47,900 39,600 39,600 58,000
Space transportation system operations.. sssssssssssssss (2,400) (3,200) (10,3 00) (2 1,3 00)

OBJECTIVES AND STATUS:

The International Solar Polar Mission is a joint NASA and European Space Agency (ESA) mission designed to obtain the
first view of the solar system from a new perspective—a view from far abwe and far below the plane in which the
planets orbit the Sun's equator. The two spacecraft will aid in the study of the relationship between the Sun and its
magnetic field and particle emissions (solar wind and cosmic rays) as a function of solar latitude, and hence may allow
us to gain insight into the possible effects of solar activity on the Earth's weather and climate.
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NASA and ESA will each provide one spacecraft of approximately equal and complementary capabilities. Science
experiments have been assigned to each of the two spacecraft by a joint selection committee. Launch, tracking and data
acquisition, and mission operations will be carried out by NASA with ESA participation.

Employing a concept that exploits the gravitational pull of Jupiter, the launch of the ISPM is scheduled for 1985.
The NASA and ESA spacecraft will be launched by the space transportation system on a trajectory to Jupiter. The
gravitational force of Jupiter will be used to swing the two spacecraft on mirror image courses (north and south) back
around the Sun, to solar latitudes as high as 80°.

The ISPM project underwent some descoping in mid-1980 to contain the amount of cost growth due to the change in
launch date from 1983 to 1985. This change wes a result of the Fy 1981 Budget Admendment. The science descoping should
not, however, affect the science return of the mission in any major way as the descoping was basically confined to
redundant science. Negotiations have been completed with the ISPM contractors for the 1985 launch.

CHANGE FROM FY 1981 BUDGET ESTIMATE:

The total FY 1981 funding requirement for the International Solar Polar Mission development is unchanged. However
there is a redistribution among spacecraft, experiments and ground operations due to further definition of the
requirements resulting from the launch date being changed from 1983 to 1985.

BASIS OF FY 1982 ESTIMATE:

During FY 1982, the spacecraft development activities will continue. They will focus on preparation for the critical
design review (CDR) in early FY 1983. During FY 1982, most experiment flight hardware production will be initiated. 1In
addition, full-scale development activities on the ISPM mission operations system design will begin with the preliminary

design review scheduled for mid-1983 and the CDR scheduled for late 1983.
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BASIS OF FY 1982 FUNDING REQUIREMENTS:

GAMMA RAY OBSERVATORY (GRO) DEVELOPMENT

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft........ccoiiiiii -——= 2,830 2,700 30,000
ExperimentSeecessesssceacsscsarsocssosvsessscsscscncsssnnns _— 16,100 14,800 20,600
Ground OperathﬂS ..................... EE s s EEEEEEEEEEEN —_ 170 100 1,400

Total.....oo —_— 19,100 17,600 52,000

OBJECTIVES AND STATUS:

The objective of the Gamma Ray Observatory (GRO) mission is to measure gamma ray radiation from the universe and,
thus, to explore the fundamental physical processes powering it. Certain celestial phenomena are accessible only at
gamma ray energies. The observational objectives of GRO are: to search for direct evidence of the synthesis of the
chemical elements; to observe high energy astrophysical processes occurring in supernovae, neutron stars and black
holes; to locate gamma ray burst sources; to measure the diffuse gamma ray radiation for cosmological evidence of its
origin; and to search for unique gamma ray emitting objects.

Gamma rays represent one of the last frontiers of the electromagnetic spectrum to be explored because the required
technology has only recently been developed. The low flux levels of gamma ray quanta, and the high background they
produce through their interaction with the Earth's atmosphere, coupled with the demand for better spectral, spatial, and
temporal resolution of source features, combine to require that large ganmma ray instruments be flown in space for a
prolonged period. Gamma rays provide unique information on the most astronomically intriguing objects yet discovered,
including quasars, neutron stars, and black holes. Astronomy is now to the point where our understanding of these
objects is being seriously impaired by lack of data in the gamma ray region of the spectrum. Comprehensive research in
gamma ray astronomy has, therefore, consistently been given high priority by the science community.

The GRO will be launched by the Space Shuttle. The spacecraft is designed to accommodate several gamma ray
instruments. It is planned that the majority of the instruments will have their principal axes pointing in the same
direction, and the spacecraft will point these instruments in a fixed direction in space for long periods of time (hours to
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weeks). The accessibility of different regions of space at any given time will only be limited by solar array pointing
and seasonal constraints.

During FY 1980, a competitive procurement led to the selection of two Phase B study contractors, who completed
parallel, independent mission concept studies. Definition of the scientific instruments also was completed in FY
1980. FY 1981 activities include the selection of the mission systems contractor, initiation of spacecraft design and
development, confirmation of the scientific instruments, and initiation of the development contracts for the instru-
ments. The design and development was originally planned to be initiated in early FY 1981; however, these activities
have been delayed by approximately six months primarily due to the Continuing Resolution restriction on implementing
these efforts pending final action on the appropriation request for FY 1981. The effect of this delay on the total cost
and schedule is yet to be determined.

CHANGES FROM FY 1981 BUDGET ESTIMATES:

The $1.5 million decrease from the Fy 1981 budget estimate is due to the Congressional general reduction in the
overall appropriation request. This reduction in GRO funding is possible because of the delay in the initiation of the
GRO activities from early to mid-FY 1981 for the reason indicated above.

BASIS FOR FY 1982 ESTIMATES:

The FY 1982 funding is required to continue the GRO design and development activities which were initiated in Fy 1981.

The mission system contractor will finalize electrical and mechanical interfaces with both the scientific instruments
and the Space Shuttle. Drawings for fabrication will be released and software specifications for the integration
efforts will be completed.
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BASIS OF FY 1982 FUNDING REQUIREMERTS:

SHUTTLE/SPACELAB SCIENCE PAYLOAD DEVELOPMENT AND MISSION MANAGEMENT

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Payload development and mission management assssssssssns 40,600 29,100 27,400 51,800
Space transportation system operationS.. sssssssssssssss (800) (13,000) (8 ,800) (25,700)

OBJECTIVES ARD STATUS:

The objectives of Shuttle/Spacelab science payload development and mission management are to acquire new knowledge in
the disciplines of physics and astronomy and to manage the mission planning and execution of the complete NASA Spacelab
payload program. The funding provides for the development of all physics and astronomy Spacelab experiments, the system
management and engineering development of the flight equipment and software, the payload specialist support, the
physical integration of the payload with the Spacelab system, the operation of the payload during flight, the
dissemination of data to experimenters and the analysis of physics and astronomy flight data.

Instruments to be flown on three missions primarily dedicated to physics and astronomy science are now under

development. The development of instruments which will be flown on the Shuttle orbital flight tests, 0SS-1, is nearly
complete. The 0SS-1 mission will have six instruments mounted on a pallet that will gather solar physics data, evaluate
the Shuttle environment, and provide data on thermal control technology. Integration and test of the 0SS-1payload is
now nearing completion. Spacelab 1, consisting of a pressurized Spacelab module and a pallet, will be flown in 1983.
The primary objective of Spacelab 1is to demonstrate the capabilities of the Spacelab system, while the secondary
objective is to obtain multidisciplinary scientific data with emphasis on atmospheric and space plasma physics. In N
1981, the Spacelab 1l instrument development mission management tasks will essentially be completed. Spacelab 2, an

all-pallet configuration, will fly in 1983. The primary objective of Spacelab 2 is to verify the Spacelab igloo and
pallet systems. The secondary objective is to obtain scientific data with emphasis on astrophysics and solar physics.
The instrument pointing system, developed by the European Space Agency, will be used for the first time on the Spacelab
2 mission. During N 1981, Spacelab 2 mission management activities and instrument development will continue.

Several physics and astronomy instruments are under development for flights on the Shuttle/Spacelab in 1984 and

subsequent years. Two general types of instruments are under development ; principal investigator, and multiuser
instruments. Principal investigator instruments are for a specific scientific investigation by a single investigator
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who may have co imvestigators. Multiuser instruments have a broad scientific capability, can accommodate a number of
principal investigator—furnished focal plane or ancillary instruments, and have a large user community. The Chemical
Release Module IS a multiuser instrument now under development. The Chemical Release Module will be used to trace the
atmospheric motions of neutral constituents to map magnetic and electric fields, to display plasma instabilities, and to
study (using test particles) particle behavior. In 1981, the focal plane instruments for the first flight of the Solar
Optical Telescope, which is now in the definition phase, will be selected from responses to an announcement of
opportunity. A third multiuser instrument which is under definition is the Shuttle Infrared Telescope Facility which
will conduct high resolution studies of selected celestial infrared objects and will provide valuable insight into many
guestions of modern astrophysics including the early stages of star formation and the later stages of star evolution,
the unusually high energy output of the nuclei of certain galaxies and quasars and the early evolution of galaxies and
the universe. Definition and development schedules of physics and astronomy instruments are phased to form scien-
tifically focused payloads. Instruments, both those that are now being developed for OSS-1, Spacelab 1, and Spacelab 2
as well as the principal investigator and multiuser instruments, will be reused on future Shuttle/Spacelab missions
thereby significantly increasing the scientific value of the original investment

In FY 1981, mission management of all NASA shuttle/Spacelab missions will continue. Mission management for the non-
physics and astronomy missions involves all the Spacelab payload functions except instrument or experiment development
and data analysis. Prominent among the mission activities outside the physics and astronomy disciplines are three space
applications and technology missions; (OSTA-1, OSTA-2, 0AST-1), Spacelab 3, and mission management for the life sciences
program.

Part of Shuttle/Spacelab science payload development and mission management activities involves the development of
several systems necessary for the optimum use of the Shuttle/Spacelab system by all users. At the Kennedy Space Center
a system is being implemented to assemble experiments with Spacelab hardware to form an actual mission payload and
subsequently to test the integrated system. An annular suspension pointing system, will significantly enhance the
guality of scientific data from mounted instruments and will allow more efficient use of the Spacelab provided
instrument support systems. This pointing system can be used for both principal investigator and multiuser instruments.

CHARGES FROM FY 1981 BUDGET ESTIMATE;

The $L.7 million decrease from the FY 1981 budget estimate is due to the Congressional general reduction in overall
appropriation request. This reduction coupled, with the reduction in the N 1981 Budget Amendment, will further delay
the planning and eventual use of the Shuttle/Spacelab as a science data acquisition capability.

BASIS OF FY 1982 ESTIMATE:

The FY 1982 funding is required for final preparations for the flight of 0SS-1 which will be flown on one of the
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Shuttle orbital flight tests and the data analysis from the mission. In addition, final preparation for the first use
of the Shuttle/Spacelab system will be accomplished in FY 1982, and preparation for the initial science, applications,
and technology payloads to be flown on the Shuttle/Spacelab will be continued. Spacelab 1 will begin final integration

and testing at the Kennedy Space Center. Spacelab 2 will complete mission activities leading to integration and test,
and mission management activities for the applications and technology missions will continue. Several principal
investigator instruments will be in development leading to first use in 1984, and development will continue on the

Chemical Release Module and on the Solar Optical Telescope.

BASIS OF ¥Y 1982 FUNDING REQUIREMENTS:
EXPLORER DEVELOPMENT

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Dynamics explorer (DE) suassssssssssssssssssssssannnnnns 11,806 12,600 12,600 —_—
Solar mesosphere explorer (SME) susssssssssnnssnnnnnnnns 6,788 4,078 3,800 _—
Infrared astronomical satellite (IRAS) e vasunsnnnnsnnnns 12,051 5,066 13,500 6,600
Active magnetospheric particle tracer explorer
(AMPTE) vevvovvess nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns S 6,600 1,200 15,200
Other eXplOrerS sussssssssasasssnsnsnsnsnnnnnnnnnnnnnnnsn 1,655 4,656 1,900 14.800
Total..oo 32,300 33,000 33,000 36,600
Mission operations and data analysis (MO&DA) . susunnnnns (14,752) (14,783) (14,783) (23,100)
Scout and Delta (expendable launch vehicles
PrOGram). sssssssssssssssssssssssssssssssssssansnnnns (12,300) (==-) (5,500) (5,000)
Space transportation system operations.. sssssssssssssss (---) (4,200) (-—-) (~==)

OBJECTIVES AND STATUS:

The explorer program provides the principal means of conducting astronomical studies and long-term investigations of
solar physics and of the near—Earth interplanetary environment having limited, specific objectives and not requiring
major observatories.
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Included in the present program are missions to study atmospheric and magnetospheric physics; the several
magnetospheric boundaries; interplanetary phenomena ; and x-ray, ultraviolet, and infrared astronomy.

Studies are conducted to define future high priority science explorer missions. NASA engages in cooperative missions
with other Federal agencies and other nations whenever such cooperation will assist in achieving NASA objectives.

Solar terrestrial and atmospheric explorers prwide the means for conducting studies of the Earth's near-space
environment. The program requires a wide variety of satellites in orbits extending from the very lowest reaches of the
upper atmosphere, to the interplanetary medium beyond the Earth's magnetosphere. The Solar Terrestrial program is in a
transition from the early discovery and mapping phase conducted over the past decade to a phase in which specific
problems are being investigated in more depth, frequently using simultaneous multipoint measurements. Efforts underway
include completion of development activity in FY 1981 for three explorers: the Solar Mesosphere Explorer (SME), the
Dynamics Explorer (DE), and the first of the two San Marco-D missions. Development activity is continuing on the second
San Yarco -D mission, and it is now planned that development activities will be initiated on the Active Magnetospheric
Particle Tracer Explorer (AMPTE) during FY 1981. The SVE is designed to imvestigate the relationship of solar ultra-
violet flux to processes in the upper atmosphere including the production of ozone. DE will prwide data on the strong
interactive processes coupling the hot convecting plasmas of the magnetosphere and the cooler plasmas and gases of the
Earth's ionosphere and upper atmosphere. The San Marco-D missions, a cooperative project with Italy, will include a
group of experiments to study the relationship between solar activity and the Earth's meteorological phenomena. AMPTE
a planned cooperative program with the Federal Republic of Germany, will use two spacecraft to study the solar wind at
the sub-solar point and to identify particle entry windows, energization processes and transport processes into the
magnetosphere.

Astrophysics explorers have been instrumental in conducting the first astronomical sky surveys in the gamma ray, X-
ray, ultraviolet, and infrared and low frequency radio regions of the electromagnetic spectrum. A major effort underway
in Fy 1981 is the completion of experiment fabrication and testing and satellite integration activities on the Infrared
Astronomical Satellite (IRAS), which is scheduled to be launched in 1982.

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The total FY 1981 Explorer funding requirement is unchanged. However, there have been changes made to all of the
respective explorers except the Dynamics Explorer. The Infrared Astronomical Satellite experienced a number of
technical difficulties which have resulted in an increased funding requirement in the areas of cryogenic system
fabrication, mirror polishing, and focal plane detector systems development. The other elements of the total explorer
line have been decreased to accommodate the additional funding needed for IRAS. However, the decrease to the Solar
Mesosphere Explorer is due to better than expected development progress. The decrease in the planned initial funding
for AMPIE will delay the scheduled start of the project from early FY 1981 to late 1981, and the resources planned for
initiating new explorer projects have been reduced in Fr 1981.
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BASIS OF FY 1082 ESTIMATE:

FY 1982 funding will provide for completion of development activity, launch, and initial orbital operations for the
Infrared Astronomical Satellite. The first of the San Marco-D missions will be launched in 1982 and development
activity for the AMPTE mission will be continued. In addition, development activities for the Cosmic Background

Explorer (COBE) and the Extreme Ultraviolet Explorer (EUVE) may be initiated. Fy 1982 funding also will provide for
design and definition studies for future candidate missions including the X-Ray Time Explorer (XTE) and the Solar Corona
Explorer (SCE) .

BASIS OF FY 1982 FUNDING REQUIREMENTS:
MISSION OPERATIONS AND DATA ANALYSIS

1981 1982
1980 Budget Current Budget
Actual Estimte Estimate Estimate

(Thousands of Dollars)

High energy astronomy observatory (HEAO)

basic MISSION......ccooiiiiii e 5,236 128 128 _—
HEAO extended mMisSiON......ccooviiiiiiiiiiieinnns 8,521 10,606 10,606 8,800
Solar maximum mission (SMM) basic MisSiONasssasssansnns 4,500 3,400 3,400 600
SMM extended MISSION.....cccovviiiiieiiiiiiiieieens - 1,600 1,600 5,000
Space telescope (ST).covvviiviiiineennnnns 1,800 6,700 6,700 15,200
EXplorers.. ..o e 14,752 14,783 14,783 23,100
Orbiting astronomical observatory,. ssssssssssssssnsnsnss 2,291 1,683 1,683 800

Total...ooii i, 37,100 38,900 38,900 53,500

OBJECTIVES AND STATUS:

The purpose of the mission operations and data analysis effort is to conduct operations and to analyze data from the
physics and astronomy satellites after launch. This program also supports the continued operation of a number of
spacecraft after their originally planned objectives have been achieved for purposes of conducting specific
investigations that have continuing high scientific significance. The bulk of funding supports the data analysis
activities of the many investigators at universities and other research organizations associated with astrophysics and
solar terrestrial operational satellite projects. Actual satellite operations, including operation control centers and
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related data reduction and engineering support activities are typically carried out under a variety of mission support
or center support contracts.

The Solar M ximum Mission (SMM) was launched on February 14, 1980, to make detailed observations of solar flare
processes during the current period of maximum solar activity (1979-1983). Sunspot numbers have been very high since
the launch of 9vM, and the spacecraft has seen over 1,000 flares of all sizes. The 3W instruments will permit detailed
coherent investigation of flare— cceleratedelectrons and nucleons, flare plasmas over a wide range of temperatures,
coronal disturbances resulting from flares, and the total amount of light and heat emitted by the Sun.

In addition, coordinated observations by Y and the currently operational International Sun-Earth Explorers (ISEE)
are permitting studies of the sources of specific solar wind disturbances and their effects on the Earth's magneto-
sphere. Among the primary results from S are the first observations of a solar flare as seen in very high energy
x—rays, the discovery that flares produce ultraviolet emissions by bombardment of the Sun's surface by high speed
electrons, and the observation of high speed protons produced in rapid bursts which are delayed by a few seconds with
respect to very similar bursts of high speed electrons.

The High Energy Observatories (HEAO-1, 2, and 3) have provided new and complementary data on a wide variety of
cosmic x-ray sources. HEAO-1 completed a highly successful mission of mapping the entire x-ray sky with unprecedented
sensitivity before reentering the Earth's atmosphere in March 1979. Among the primary results were the discovery of
more than one thousand new x-ray sources; the determination of precise locations of many sources allowing optical
identifications; the establishment of whole new classes of x-ray emitting objects; the detection of line emission from
hot, highly ionized iron in neutron star binaries, supernova remnants, and clusters of galaxies; the discovery of x-ray
emission from active stars; and the measurement of the spectrum of the diffuse x-ray sky background which is suggestive
of an origin in a hot, tenuous gas at a temperature of 400 million degrees Kelvin.

HMO-2 completed its second year of operation in November 1980 and has yielded a series of impressive results. For
example, proceeding from the closest to the most distant objects, HEAO-2 has demonstrated that almost all types of stars
emit x-rays in greater quantities than previously predicted. Similarly, HEAO-2 observations of supernova remnants have
had a profound impact on theories of the processes of supernova explosions and neutron star formation. Beyond our own
galaxy, HEAO-2 has mapped the Milky Way's nearest neighbor galaxies, and has detected the most distant quasars observed
with optical telescopes. HEAO=2 operations will continue until propellant depletion, which is estimated to occur by
mid-1981.

HEAO-3 was launched in September 1979. All instruments are returning excellent scientific data. The galactic plane
has been extensively scanned with the gamma ray spectrometer, and preliminary analysis of the data shows the detection
of matter = antimatter annihilation line radiation from the direction of the center of our galaxy, suggesting the
presence of a massive black hole. The cosmic ray instruments have provided new information on the detailed composition
of cosmic rays in the group of elements including iron, nickel and cobalt.
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In addition to the normal support required for mission operations, the Space Telescope program presents several unique
aspects which must be provided well in advance of launch. The Space Telescope is designed for operation for more than a
decade, based on in-orbit maintenance, recovery, refurbishment, and relaunch and in-orbit changeout of the scientific
instruments at the focal plane. During the operational period, it will be used primarily by observers scheduled on the
basis of proposals submitted in response to periodic solicitations. NASA has determined that the most efficient and

scientifically satisfactory approach to science operations will involve establishment of an independent Science
Institute which will operate under a long-term contract with NASA  While NASA will retain operational responsibilities
for the observatory, the Institute will implement NASA policies in the areas of planning, management, and scheduling of

the scientific operations of the telescope.

Several explorer spacecraft remain operational and are prwiding valuable data. The International Ultraviolet
Explorer (IUE) and International Sun-Earth Explorers (ISEE) continue to perform well, with very productive guest

investigator programs. The last Atmospheric Explorer (AE-E), launched in 1975, is still functioning well and is
providing insight into thermospheric and atmospheric variations not otherwise obtainable. It is predicted that the AE-E
will reenter the Earth's atmosphere in mid-1981. The Interplanetary Monitoring Platform (IMP)-J continues to provide

data on solar wind, cosmic rays, and on the Earth's geomagnetic tail from locations needed to correlate with spacecraft
in other locations. The Orbiting Astronomical Observatory (0A0-3), Copernicus, which was launched in 1972, provided a
three — xis stabilized automated facility for observing celestial objects and interstellar material in the x-ray and
ultraviolet spectral ranges. However, the far ultraviolet detectors aboard OAO3 have suffered a rapid degradation due
to increased levels of solar activity. Since this degradation limits the science that OAO3 can perform, the mission
will be terminated in early 1981. This decision has allowed sufficient time for an orderly completion of the highest
priority science observations. Support will be continued to complete analysis of the acquired data.

BASIS OF FY 1982 ESTIMATE:

FY 1982 funds will prwide support for the continued operation of the HMO-3 mission and related data analysis
activities; the operations and data analysis activities for the Dynamics Explorers—A and -B missions and the Solar
Mesosphere Explorer (SME), all scheduled for launch in 1981; data analysis activity for the Cosmic Ray Isotope
Experiment (CRIE) which is scheduled for launch on an Air Force spacecraft in 1981; extension of operations and data
analysis activity for IUE, ISEE-A, -B, and -C, and IMP-J; and support for continued analysis of the extensive data
obtained by HEAO-1, HMO-2, OAO-3, AE-E and the Small Astronomy Satellite (SAS)-C missions. FY 1982 funding will also
support the continued operations and data analysis activities of the Solar Maximum Mission (SMM), the continuation of
preparations for science operations for the Space Telescope, including the initial development of a Space Telescope
Science Institute, and the upgrading of the Science and Applications Computer Center at the Goddard Space Flight Center
to insure continued adequate support to ongoing programs.
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BASIS OF FY 1981 FUNDING REQUIREMENTS:

RESEARCH AND ANALYSIS

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimte

(Thousands of Dollars)

Supporting research and technology.. sesssssssssssannnns 20,974 22 ,600 22,700 26,700
Advanced technology development sasssssssssssssasssnnnns 5,800 6,800 8,000 7,700
Data analysSiS. ssssssssssssssssnssnnnnnnnsnnsnnnnnnnnnns 7,000 7,300 7,300 8,100

Total..oooo 33,774 36,700 38,000 42,500

OBJECTIVES AND STATUS:

This program provides for the research and technology base necessary to plan and support flight projects. Preliminary
studies to define missions and/or payload requirements are carried out,as are theoretical and ground-based supporting
research, and advanced technological development (ATD). Activities included are supporting research and technology
(SR&T), ATD, and data analysis.

Supporting Research and Technology (SR&T)

The objectives of supporting research and technology (SR&T) are: (1) to enhance the value of current space missions
by carrying out complementary and supplementary ground-based observations and laboratory experiments; (2) to develop
theories to explain observed phenomena and predict new ones; (3) to optimize the return expected from future missions by
problem definition, development of advanced instrumentation and concepts, and sound definition of proposed new missions;
and (4) to strengthen the technological base for sensor and instrumentation development and to conduct basic research
necessary to support our understanding of astrophysics and solar terrestrial relationships.

Research is supported in several disciplines of space physics and astronomy. The work in space physics is largely
devoted to tasks related to the physics of the Earth's environment and comparative studies of other planetary
environments, including the study of Sun-Earth environmental factors. The work in solar and heliospheric physics
involves studies of the solar atmosphere and the influence of the Sun on interplanetary and planetary environments.
Research supported in astrophysics involves studies of stars, galaxies, interstellar and intergalactic matter and cosmic
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rays. The development of new instruments, laboratory and theoretical studies of basic physical processes, and
observations by ground-based and balloon-borne instruments are also supported. Results achieved in the SRT program have
a direct bearing on future flight programs. For example, the development of advanced x-ray and ultraviolet imaging
devices under this program will enable spacecraft in high orbits to watch the flow of energy into the auroral zones.

A major activity in SR&T is the solar terrestrial theory program which provides for theoretical investigations of the
predominately plasma physics processes important to solar physics and the solar terrestrial environment. The intent of
the program is to enhance and assure the systematic development of scientific investigations of solar system plasmas and
for this to play a vital role in the planning of future missions and research efforts.

The SR&T program carries out its objectives through universities, nonprofit and industrial research institutions, NASA
centers, and other gwernment agencies. Current emphasis is being placed on studies for advanced instrumentation which
will increase both the sensitivity and resolution of detectors. Feasibility and scientific definition studies are being
conducted on several potential candidate future explorer missions, including the Cosmic Background Explorer (COBE), the
Extreme Ultraviolet Explorer (EUVE), the X-ray Timing Explorer (XTE), the Solar Coronae Explorer (SCE), and the Gravity
Probe-B (GP-B). The latter will carry out an experimental test of Einstein's General Theory of Relativity in which
measurements would be obtained of the relativistic precession of an extremely stable, cryogenic gyroscope in Earth
orbit.

Advanced Technolopical Development

The advanced technological development (ATD) activities support detailed planning and definition of new Physics and
Astronomy missions including Shuttle/Spacelab missions. ATD activities assure that advanced missions address the
scientific questions most important to the evolution of knowledge in the field, and that those missions use the
appropriate technology and techniques. Funding is applied to the definition and preliminary design for specific
missions of subsystems and elements critical to eventual mission development in order that technical readiness and
resources may be better defined before the missions are proposed for implementation.

Candidate missions for the 1980's that require ATD activities include the Origin of Plasmas in Earth's Neighborhood
(OPEN), the Advanced X-ray Astrophysics Facility (AXAF), the Starprobe, and the Solar Internal Dynamics Mission
(SIDM). The OPEN project will study systematically the origin, storage, transport and loss of plasmas in the Earth's
environment from input by the solar wind and ionosphere to loss in the atmosphere. The mission will assess the
importance to the terrestrial environment of variations in energy input to the Earth's atmosphere caused by geospace
processes. The AXAF will study stellar structure and evolution, active galaxies, clusters of galaxies and cosmology.
The AXAF 1.2 meter class imaging x-ray telescope is planned to have sensitivity approximately 20 times that of HEAO-2.
The Starprobe mission will perform detailed scientific observations of the Sun from a highly elliptical orbit whose
aphelion will be within four solar radii of the Sun's surface. The Solar Internal Dynamics Mission (SIDM) will
investigate the oscillations visible on the Sun and use the data obtained to study the dynamic state of the Sun's
interior.
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Major Spacelab payloads requiring advanced technological development support include the following multiuser
facilities: the Shuttle Infrared Telescope Facility (SIRTF), a cryogenically cooled telescope which will carry out high
sensitivity infrared observations; the Pinhole/Occulter Facility, a coded mask and detector for imaging hard X-rays;
and the Shuttle Ultraviolet/Optical Telescope (STARLAB), a meter-class UV/optical facility which will be used for high
angular resolution imaging investigations of sources that have too great an angular extent to be observed efficiently
with the Space Telescope. During FY 1981, major emphasis is being given to definition of the OPEN and AXAF missions.
In addition, further definition of Spacelab instruments and facilities will continue, including detailed description of
instruments, payload configurations and operational requirements.

Data Analysis

The acquisition, analysis and evaluation of data represents the primary purpose of the laboratory, balloon, rocket and
spacecraft activities. While a considerable amount of analysis is done during the prime project phase, experience has
shown that considerably more time is generally required to reap the full benefit from these programs. The full benefit
can be reaped from these programs when the data is correlated with other projects, when detailed cause-and-effect
studies are made with data sets from other sources, when very long-term (solar cycle) effects can be studied using
complementary sets of data, and when many new ideas can be tested that originate from the results of the initial
analysis.

For example, astronomical image processing facilities have been developed to take advantage of high technology
developed under the Landsat and planetary programs. This technology allows astronomers to obtain a maximum amount of
information from the data they obtain from standard photographic emulsions and more advanced imaging techniques such as
the charged-coupled devices (CCD’s) now being ground tested for eventual use on the Space Telescope.

Support of the operation of the National Space Science Data Center (NSSDC) is also provided under this program. The
NSSDC, located at the Goddard Space Flight Center, was established to serve as a central repository and clearing house
for scientific data resulting from space investigations. The NSSDC is now in a stage of transition from a repository to
a facility where correlative research can be accomplished using data sets from many sources, including active space-—
craft. The Satellite Situation Center at NSSDC computes the expected positions of operational spacecraft, so that data
acquisition and analysis efforts can be coordinated at times when several spacecraft are favorably situated for
correlative geophysical studies«

CHANGES FROM FY 1981 BUDGET ESTIMATE:

The FY 1981 estimate has been increased by $1.3 million as a net result of a specific Congressional appropriation
increase for this area partially offset by the general reduction in appropriation requests.
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Spacelab science payload definition, previously identified as a separate subitem in this project, is now included in
advanced technology development because of the close association of the two activities in the identification and study
of future STS payloads.

BASIS OF FY 1982 ESTIMZ

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Supporting research and technology... sssssssssssssnnnns 20,974 22,600 22,700 26,700

During FY 1982, the supporting research and technology program will support those tasks which contribute to
maintaining a firm base for a viable physics and astronomy program. Emphasis will be placed on infrared detector
development and on expansion of technology activities related to large x-ray mirrors and advanced x-ray detectors and
instrumentation. Feasibility and scientific definition studies will be conducted on several potential candidate
explorer missions for future years, including Gravity Probe-B, the X-Ray Timing Explorer (XTE) and the Solar Coronae
Explorer (SCE). Emphasis will also be placed on the development of a large area electrographic camera for astronomical
use, and on the continued development of large array multichannel plate and intensified charge coupled imagery
devices. An attempt will also be made to strengthen basic theory support in the program.

In the area of solar physics, activities will support the Solar Mximum Mission through both ground-based observations
and theoretical studies of high energy phenomena. New thrusts will be initiated in the development of advanced
generation instrument concepts, especially for the extreme ultraviolet and x-ray wavelengths, and for analyzing the
internal structure of dynamics of the solar interior. New thrusts will also be established in the area of atmospheric
electrodynamics. In the area of theoretical studies, investigations will be carried out by concentrated groups of
theorists in the fields of solar, interplanetary, magnetospheric, ionospheric and atmospheric physics in a coordinated
program aimed at the understanding of the detailed behavior of each of these components of the solar terrestrial
relationship and their interrelationships.
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BASIS OF FY 1982 ESTIMATE:

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Advanced technologica 1 development (ATD) ssssssssnsnnnnsn 5,800 6,800 8,000 7,700

The Fy 1982 funding will provide for continuation of studies and definition of future missions planned for the
1980's. The FY 1982 funding will allow for further system definition studies, and instrument definition for
investigations selected in FY 1980 for the OPEN mission. In addition, funding will support studies on the Advanced X-

ray Astrophysics Facility (AXAF), the Starprobe and the Solar Internal Dynamics Mission (SIDM). Definition studies will
be continued to assure the technological and scientific readiness of candidate future missions.

FY 1982 funding is also required to support definition of new Spacelab payloads as well as those currently under
study.

BASIS OF FY 1982 ESTIMATE:

Ihta ana|ySiS ..................... EEEEEEEEEEEEEEEEEEEER 7,000 7,300 7,300 8,100

Emphasis in the data analysis project, to be carried out at universities and government research centers, will be
placed on correlative studies involving data acquired from several sources (spacecraft, balloons, sounding rockets,
research aircraft, and ground observatories). Fy 1982 funds will also support the operation of the National Space

Science Data Center at the Goddard Space Flight Center.
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BASIS OF FY 1982 FUNDING REQUIREMENTS
SUBORBITAL PROGRAMS

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Sounding rockets........covviiiiiiiiiii, 21,700 25,000 25,000 27,700
Airborne research........c.cocoviiiiiiiiiiiinnnn. 4,326 4,500 4,500 7,300
Balloon Program.......cccooeriiiiiiniineinanneenenns 1,200 1,400 1,400 2,500

Total..ooooiiei 27,226 30,900 30,900 37,500
Sounding rockets.........coiiiiiiiiiiiii 21,700 25,000 25,000 27,700

OBJECTIVES AND STATUS:

The sounding rocket program prwides versatile, relatively low cost research tools that complement the capabilities of
balloons, aircraft, free—flying spacecraft and the Space Shuttle in all the space science disciplines, including the
study of the Earth’s ionosphere and magnetosphere, space plasma physics, stellar astronomy, solar astronomy, and high
energy astrophysics. Activities are conducted on both a domestic and an international cooperative basis. The current
level of activity is about 60 rocket flights per year.

A primary objective of the sounding rocket program is to conduct a coordinated research program with flight
requirements that cannot be met by vehicles with different perforroance characteristics. Sounding rockets are uniquely
suited for performing low altitude measurements (between balloon and spacecraft altitude) and for measuring vertical
variations of many atmospheric parameters. Specific areas of study include the nature, characteristics, and composition
of the magnetosphere and near space; the effects of incoming energetic particles and solar radiation on the
magnetosphere, including the production of aurorae and the coupling of energy into the atmosphere; and the nature,
cheracteristics, and spectra of radiation of the Sun, stars, and other celestial objects.

Additionally, the sounding rocket program prwides the physics and astronomy program with the means for flight testing

instruments and experiments being developed for later flight on the Shuttle/Spacelab and space probes; and for
calibrating and obtaining vertical profiles in concert with current orbiting spacecraft.
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In 1980, fifty rockets were launched from eight locations in the United States, Canada, Sweden, Norway, Kenya, and
Antarctica. Those rockets supported the research activities of about fifty groups from universities, private industry,
NASA field centers, other government agencies and foreign space organizations.

During N 1980, sounding rocket flights made in correlation with several balloon flights have discovered unexpected
electric fields at heights near sixty kilometers. This discovery requires revision of present theories regarding
thunderstorm electrical systems and how the atmosphere is coupled to the ionosphere and magnetosphere. An expedition
wes made to East Africa to support plasma physics and solar physics studies during the solar eclipse in February 1980.
Chemical release experiments will continue to be launched on sounding rockets in FY 1981 to measure winds, wind shears,
temperatures, plasma motions, and electric fields in support of solar terrestrial studies.

In the astronomy and high energy astrophysics disciplines, continuing emphasis is being placed on development of
instruments for studies of stars and extended sources in the ultraviolet (UV) and x-ray spectral regions. Of special
interest during 1980 was a flight of an ultraviolet imaging telescope. The instrument obtained high quality photographs
of the Andromeda galaxy in both the far and mid—ultraviolet spectra. These data help delineate hot young objects in
such galaxies, and will provide important new targets for the Space Telescope. In 1980, the sounding rocket program
launched its first Aries rocket with a scientific payload capacity exceeding one ton. The Aries carried a grazing-
incidence x-ray telescope which successfully imaged the Cas A supernova remnant and the x-ray source Cyg X-3.
Subsequent flights will concentrate on developing x-ray spectroscopic techniques for advanced missions such as AXAF.
During 1981, the first flight of a far—ultraviolet spectrograph is planned. This flight will provide a test of the
multi—anode microchannel array detector which is a strong candidate for several future ultraviolet and x-ray missions.

BASIS OF FY 1982 ESTIMATE:

FY 1982 funds will provide for continuation of most of the efforts described above. Emphasis will be given to
initiation of a concept called Experiments of Opportunity Payloads (EOP) which will make the capabilities of the Shuttle
available to sounding rocket experimenters and potentially increase scientific data acquisition periods from the present
five minutes per flight up to 24 hours. The EOP concept calls for sounding rocket payloads, technology, and hardware to
be launched by the Shuttle into a nearby orbit, operate in a free—flyer mode for up to 24 hours and then be retrieved
and returned by the Shuttle. Payloads will be flown on a space available basis and have minimum interface with the
Shutt de.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Airborne research. «veveevionereniiinanen ettt . 4,326 4,500 4,500 7,300

OBJECTIVES AND STATUS:

Research with instrumented jet aircraft has been an integral part of the overall NASA program in physics and astronomy
since 1965. The aircraft platform provides a large payload capacity and facilities for extending observations over any
region of the Earth. It also may be transported readily to high operational altitude near 15 kn (50,000 feet) in order
to provide a cloud-free site for auroral geophysics experiments and astronomical observations. The possibility of
conducting observations at this cloud-free altitude has been essential in opening to astronomy the infrared region of
the electromgnetic spectrum from one micrometer to one millimeter. The airborne platform also has the advantage of
enabling scientists to participate directly in space research.

The airborne research program utilizes two aircraft, a C-141 instrumented with the 91-cm infrared (IR) telescope and a
Lear Jet instrumented for unique individual missions. The C-141A "Kuiper Airborne Observatory', which began operational
flights in 1974, is a full-scale, manned facility. The 91-cm £/13.5 infrared telescope operates through an open port,
with a pressure bulkhead giving the astronomers a comfortable, shirt-slewe environment in which to work. The telescope
floats on a large air bearing that permits hours of accurate stabilization within a few arc seconds. The weight of this
observatory is about 16 tons (14.5 metric tons).

During FY 1980, support wes provided for two airborne expeditions to Panama and Japan for a planetary occulation and a
solar eclipse not observable from the Continental United States. The main thrust of the FY 1981 program will be
continued exploration of star forming regions as well as the development of more sensitive instrumentation for both
photometry and spectroscopy.

BASIS OF FY 1982 ESTIMATE:

In FY 1982, airborne research funds will be used to continue operations of the Airborne Observatory and the Lear Jet,
to provide support for astronomical groups, and to continue the development of improved instrumentation for conducting
infrared astronomy.
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1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Balloon program.... .eeessssssssssssssssssssssssssnnnnss 1,200 1,400 1,400 2,500

OBJECTIVES AND STATUS:

For the development of scientific experiments for space flight and for independent scientific missions, it is
necessary to test the instrumentation in the space radiation environment and to make observations at altitudes which are
above most of the obscuring effects of the atmosphere, particularly for observations in infrared and cosmic ray
astronomy. In many instances, it is less expensive to fly these experiments on balloons. The funding for this program
is utilized for balloons, helium, launch services, tracking and recovery, while funding for the experiments is provided
from the supporting research and technology program.

During 1980, 21 balloons were flown from five global sites to support the research activities of approximately 19
organizations. Ore of these flights, carrying a 5,000-pound package of ultrasensitive instruments, detected a stream of
antimatter from interstellar space--the first such matter ever found outside a terrestrial laboratory. 1In the infrared
astronomy area, about 40 percent of the galactic plane was surveyed resulting in the discovery of many new infrared
sources. A solar physics flight succeeded in making the first observation of the spectrum of a solar flare using a high
resolution, liquid helium-cooled germanium gamma ray spectrometer.

The Fy 1981 funding provides support for about 20 flights including an expedition to Hawaii for carrying out
scientific research in High Energy Astrophysics. 1In infrared astronomy, the survey of the galactic plane will be
continued, which will provide additional information on the rate of star formation in our Milky Way system.

BASIS OF FY 1982 ESTIMATE:

The Fr 1982 funding provides for continuation of the balloon program with approximately the same number of flights as
in FY 1981. In infrared astronomy, emphasis will be on continuing the survey of the galactic plane and using new
techniques to better understand how stars are formed, prior to designing instruments for Spacelab.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE SCIENCE PLANETARY EXPLORATION PROGRAM

IMVARY OF RESOURCES REQUIREMENTS

1981 1982
1980 Budget Current Budget Page
Actual Estimate Estimate Estimate No.

(Thousands of Dollars)

GALILEO development.........ccccoeeeeviiiiineeeannns 116,100 63,100 63,100 108,000 RD 5-5

Venus orbiting imaging radar (VOIR) development.. ssssss === - === 40,000 RD 5-6

Mission operations and data analySiS.. sssssssssssssnnns 58,800 60 ,500 61,800 50,900 RD 5-8

Research a.nd analysis.. [ AR NRRRRENRNNNNNENENNNRNRENNERSHRHNSNHN] 45 OOO 51 700 50 700 57,200 RD 5_11
Total. .o 219,900 175,300 175,600 256,100

DISTRIBUTION OF PROGRAM AMOUNT BY INSTALLATION:

Johnson Space Center.........cccceeveviivineeennnnnn. 7,495 5,990 8,259 8,984
}'ﬁrshall Space Fllght Center SEEEEEEEEEEEEEEEEEEEEEEEENED 122 75 135 200
Goddard Space Flight Center. ssssssssssssssssssnsnnnnnns 4,290 3,680 3,756 4. 546
Jet Propulsion laboratory.. sssssssssssssssssssssssssnns 139,321 101,877 104,276 173,402
ATES Research Center....coovvvveeeeeeiiieeeeienn.. 40,049 24,140 26,894 30,279
Langley Research Center.............ccccociniinnnnes 7 —— —
HeadquarterSecesssssessosesssoorsrsssosossessosssessans 28,616 39,538 32,280 38,689

Tot@leosesesoesvsasvsesossorvsossesssasssossoscsossasnsosscs 219,900 175,300 175,600 256,100

e ]
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1982 ESTIMATES

OFFICE OF SPACE SCIENCE RATION PROGRAM
PROGRAM OBJECTIVES ARD JUSTIFICATION:

The planetary program includes the scientific exploration of the planets and their satellites, comets and asteroids,
and the interplanetary medium. The program objectives are to understand the origin and evolution of the solar system,
to better understand the Earth through comparative studies with the other planets, and to understand how the appearance
of life in the solar system is related to the chemical history of the system. The projects undertaken in the past have
been highly successful. The strategy that has been adopted calls for a balanced emphasis on the terrestrial- likeinner
planets, the giant gaseous outer planets, and the small bodies (comets and asteroids). Missions to these planetary
bodies start at the level of reconnaissance and exploration to achieve the most fundamental characterization of the
bodies, and proceed to a level of detailed study. The reconnaissance phase of inner planet exploration began in the
1960°g, and has now been completed. Mars has prwided program focus because of its potential as a site of biological
activity. The Viking landings in 1976 carried the exploration of this planet forward to a new level of scientific and
technological achievement, thereby setting the stage for the next step of detailed study. Analyses of the moon rock
samples returned by Apollo continue to be highly productive as new insights into the early history of the inner solar
system are achieved and as our theoretical concepts are revised accordingly. The continuing Pioneer Venus mission is
carrying the study of our nearest neighbor, and closest planetary analogue, beyond the reconnaissance stage to the point
where we have made a basic characterization of the massive cloud-covered atmosphere of Venus. This characterization has
also prwided some fundamental data about the formation of the planet. However, because of the opacity of the
atmosphere, information about the Venus surface character remains sparse. Therefore, the highest priority goal of the
planetary program is to fill in this missing data. Accordingly, the Venus Orbiting Imaging Radar mission to map the

entire surface of Venus at about one kilometer resolution will be initiated in FY 1982 leading to a 1986 launch by the
Space Shuttle.

The exploration of the giant outer planets began relatively recently with the Pioneer 10 and 11 flybys of Jupiter in
1973 and 1974. These simple reconnaissance spacecraft have returned excellent data which contributed significantly to
the success of the flybys of two Voyager spacecraft through the Jovian system in the spring and summer of 1979. In
Nwember 1980 the Voyager 1 spacecraft made a historic encounter with Saturn, passing close to its ring system and to
Titan, as well as providing a first closeup view of sweral of the other moons. The Voyager 2 spacecraft is still
enroute to Saturn where encounter will take place in August 1981. The first closeup examination of Saturn occurred in
September 1979 when Pioneer 11 reached that planet after receiving a gravity-assist at Jupiter five years earlier.
Numerous discoveries were made as a result of this encounter and it was demonstrated that a safe, close passage by
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Saturn's rings could be made. Voyager 2 will encounter Saturn in 1981 and then proceed on to Uranus for a 1986 flyby.
Pioneer 10 is well beyond the orbit of Uranus and is on its way out of the solar system. It is continuing to prwide
new information about a previously uncharted region of interplanetary space.

The Galileo mission is a cooperative effort between the United States and the Federal Republic of Germany. A wide
range of science experiments, chosen to make maximum progress beyond the Voyager findings, has been selected. The
Galileo development efforts are proceeding on a schedule which will permit an early 1985 launch.

The pre—eminence of the United States program of planetary exploration has been based on technology leadership and on
a foundation of strong, coordinated research and analysis programs. These programs ensure that full advantage is taken
of the spacecraft data and samples acquired on completed and ongoing missions, and that the necessary research is
performed to maximize the return from ongoing and future missions. Included in the research and analysis efforts are
data analysis, lunar sample and meteorite analysis, telescopic observations, theoretical and laboratory studies, and
instrument definition. The highest scientific standards are maintained in these programs and both new and old concepts
are subject to intense scrutiny. The programs also involve interdisciplinary coordination among various research
groups. The results of the research is widely disseminated. The lunar sample analysis effort is mission—oriented and
is coordinated with research by the National Science Foundation. A close coupling is maintained between the research
programs and the planning activities that are undertaken to define the scientific rationale and technology needs for
future missions.

Comets and asteroids have, to date, not been investigated by spacecraft missions. Comet rendezvous and flyby mission
definition studies are being conducted as technology advances bring exploration of these small bodies within our
grasp. Study of these primitive objects hold the promise of a breakthrough in our understanding of the nature of the
early solar system.
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BASIS OF FY 1982 FURDIRG REQUIREMENTS

GALILEO DEVE.OPMENT

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft.. ..o 89,222 42,184 46,541 79,836
EXpPerimentSeescocesccssacsssocsssossnssessnsssscsosonsns 19,390 11,900 10,435 12,181
Ground operations...........cccoeeiieiiniiiein. 7,488 9,016 6,124 15,983
Total. e 116,100 63,100 63,100 108,000
Space transportation system operations................. (8,300) (10,400) (15,400) (41,800)

OBJECTIVES AND STATUS:

The Galileo mission, which will conduct direct and long-duration studies of Jupiter, is a vital link in providing the
continuity, balance and orderly progression of the exploration of the solar system.

The objective of this program is to conduct a comprehensive exploration of Jupiter, its atmosphere, magnetosphere and

satellites, through a new deep space spacecraft concept which combines both remote sensing and direct measurements by an
orbiter and an atmospheric probe.

The Galileo mission will utilize a single Space Shuttle launch in 1985 for the Galileo orbiter and probe. The orbiter
and probe will arrive on target in mid 1987 to conduct a twenty-month investigation of Jupiter, its satellites, and its
magnetosphere. Eleven encounters with the satellites of Jupiter are planned during the tour. The probe will penetrate
the atmosphere of Jupiter to conduct scientific investigations down to a depth where the pressure is equivalent to ten
times the pressure exerted by the Earth's atmosphere, and the orbiter will relay information gathered back to Earth.

The Galileo launch has recently been slipped from a 1984 launch to a 1985 launch due to IUS development difficulties

which resulted in marginal capability to launch the Galileo spacecraft in 1984. The effect on the cost estimate through
completion has not yet been determined.
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In FY 1981, the orbiter and probe design, development and fabrication activities will continue and the critical design
reviews for most of the major subsystems will be completed.

CHANGE AROM FY 1981 BUDGET ESTIMATE:

The FY 1981 Galileo estimate remains unchanged in total; however, adjustments have been made within the project.
spacecraft funding was increased to allow for the purchase of a lighter and more efficient radioactive energy source.
To offset this increase, some experiment and ground operations activities were shifted downstream.

The

BASIS OF FY 1982 ESTIMATE:

The FY 1982 funding will provide for continuation of the orbiter, probe, and scientific instruments design.
Preliminary parts deliveries, breadboard development and subsystem fabrication and testing will be continued for both

the orbiter and probe spacecraft.

BASIS OF FY 1982 FUNDING REQUIREMENTS:
VENUS ORBITING IMAGING RADAR (VOIR) DEVELOPMENT

1981 1982

1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft ..... A EEEEEE NN E NN NN NN NN NN N NN NN NN NN NN EEEEEEENESR === —— ———— 17’600
EXperimentS............................................ ——— ——— ———— 19,500
Ground OPerations.........ccccceeeeeeeeueeeeeennn. o= ewind == _2,900
TOtal oo, i - iyl 40,000
(---) (===) - (6,600)
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OBJECTIVES AND STATUS:

The Venus Orbiting Imaging Radar (VOIR) mission will map Venus by means of a Synthetic Aperture Radar (SAR) instrument
on an orbiting spacecraft. The VOIR mission will produce radar images, of Venus' surface which will be comparable in
resolution and quality to the optical images obtained previously for the other planets of the inner solar system. This
mission is the next logical step in the exploration of the solar system to advance our comparative planetology studies.

The major objective of the VOIR program is to use radar imagery to investigate the surface morphology of Venus on a
global scale. The radar imagery will pierce the thick atmosphere and continuous cloud cover of Venus to give us our
first detailed view of the surface topography and reveal the presence or absence of plate tectonic activity, impact
craters, volcanoes, mountains, and erosional processes. Secondary objectives are to use altimetry and gravity data to
investigate the global shape, crustal thickness, and interior of the planet.

Venus is the nearest planet to Earth, and is believed to be most like the Earth in many physical aspects, although
Venus remains an enigma because of its complete cloud shroud. In the study of comparative planetology, it is important
to understand how and when Venus and the Earth diverged in their evolutionary paths, and try to answer the following
gquestions: Wy does Venus have such a dense atmosphere, lacking water and oxygen? Hes plate tectonics played an
important role in shaping the Venusian topography? Hbes volcanism been a major contributor to the atmosphere and surface
characteristics as it has on Earth? Does the surface still retain a record of early impact cratering, now largely
erased on Earth?

The VOIR spacecraft will be launched by the space transportation system in mid-1986. After an inactive cruise period,
the spacecraft will reach Venus in late 1986 where it will perform a propulsive maneuver for orbit insertion. The
initial polar elliptical orbit will be modified to yield a circular orbit at approximately 250 kn above the surface.
When this desired orbit has been achieved, the spacecraft will be commanded to deploy its solar panels, communication
antenna, and large radar antenna into the mapping configuration. The spacecraft will be operated in a nadir-pointing,
3-axis—stabilized attitude so the altimeter is always pointing directly below, and the side—looking radar antenna is
sweeping a 30 km swath over the surface of Venus. The complete mapping of the planet will take about four months with
over 90%of the surface imaged with a resolution of 600 meters. Systematic coverage of a much smaller area will be
provided at a higher resolution of 150 meters. The radar imaging data will be transmitted to Earth over an X-band radio
link at a rate of one megabit per second. The raw radar data will be processed by digital computing equipment at the
Jet Propulsion Laboratory to produce image strips.

Concurrently with the radar imaging operations, the spacecraft will operate the synthetic aperture radar in an
altimeter mode to measure the absolute elevations of the imaged terrain. Doppler shifts in the radio signals from the
spacecraft will be analyzed to investigate the gravity field of Venus which should tell us a great deal about the

interior of Venus.
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The current planning estimate for the VOIR is $500-560 million. This includes development through launch plus thirty
days in-flight checkout. The estimate for support during the approximately one-year mission operations period and for
analysis of the scientific data is $45-75 million. The estimate for Space Transportation System support is
approximately $100 million.

BASIS OF FY 1982 ESTIMATE:

The FY 1982 funding is required to initiate the design of both the VOIR spacecraft and the synthetic aperture radar,
as well as for the initiation of the development of the nonimaging science instruments.

BASIS OF FY 1982 FUNRDING REQUIREMENTS:

MISSION OPERATIONS AND DATA ANALYSIS

1981 1982
1980 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Voyager basic mission...........ccoovviiiiiiiiinn. 19,000 25,600 25,600
Voyager extended mission...............coooeviiennl. - 3,000 3,300 18,000
Pioneer Venus basic and extended mission............... 8,251 5,000 4,700 6,300
Pioneer 6-11 extended mMisSSiON..........covvvvvinninnnn. 2,800 1,000 2,000 2,000
Helios extended mission................cooiinne. 100 _— 142 e
Viking extended mission...........cccoiviiiiiinnnnn, 2,450 _— S ——
Planetary flight support.............oooiiiiin. 26,199 25,900 26,058 24,600
Total.ooo i 58,800 60,500 61,800 50,900

OBJECTIVES AND STATUS:

The mission operations and data analysis program funds the operation phase of planetary missions after development,
launch, and initial in-flight checkout are complete. It also provides for multimission flight support. Currently,
active planetary missions being supported within mission operations and data analysis are Voyagers 1 and 2, Pioneer
Venus, Pioneer 6-11, Helios 1 and 2, and Viking Lander 1.
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The objective of the Voyager mission was to conduct comparative studies of the Jupiter and Saturn planetary systems
and to perform studies of the interplanetary meduim between the Earth and Saturn. Since their launches in 1977, the two
Voyager spacecraft have encountered Jupiter and investigated its system. Voyager 1 has since encountered Saturn and
investigated its numerous satellites and rings. Voyager 1is now on a cruise trajectory which will take it out of the
solar system at a steep angle to the plane of the ecliptic. The spacecraft is continuing to collect data on the space
environment as it proceeds to investigate the outer limits of our solar system. Voyager 2 is currently on a cruise
trajectory to Saturn. Saturn encounter operations for Voyager 2 will begin in June 1981, and the closest approach to
Saturn will occur in August 1981. Subsequent to this encounter, the spacecraft will continue to provide data on the
interplanetary medium as it continues on to Uranus. Both spacecraft appear to be in good condition although the primary
Canopus Star Tracker on Voyager 1 has experienced degraded performance. The backup system, however